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(7) ABSTRACT

There is disclosed an article positioning apparatus for posi-
tioning an article composed of an electric conductive mate-
rial over a predetermined base, the apparatus comprising:
levitating means for levitating the article over the base;
driving force generating means including current generating
means for inducing a current in the article and magnetic field
generating means for generating a magnetic field in a
direction perpendicular to the current induced by the current
generating means, and the driving force generating means
being for generating a driving force composed of Lorentz
force to the article in the direction perpendicular to the
current and the magnetic field; and displacement detecting
means for detecting a displacement of the article, wherein
the article is positioned through the driving force generating
means in accordance with a result detected by the displace-
ment detecting means.
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1
ARTICLE POSITIONING APPARATUS AND
EXPOSING APPARATUS HAVING THE
ARTICLE POSITIONING APPARATUS

This application is a Con of Ser. No. 09/039,518 filed
Mar. 16, 1998.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a positioning apparatus
for positioning a plate-shaped article such as a semiconduc-
tor wafer without contact with the article and an exposing
apparatus having this positioning apparatus.

2. Related Background Art

For a photolithography process for manufacturing a semi-
conductor device, a liquid crystal display device, a thin-film
magnetic head or the like, a projecting/exposing apparatus (a
stepper or the like) for transferring a pattern of a reticle used
as a mask onto each shot region on a wafer (or a glass plate
or the like) used as a photosensitive substrate through a
projection optical system and an exposing apparatus or the
like using a proximity method for transferring the reticle
pattern directly on the wafer have been heretofore used.
Since such an exposing apparatus is required to position the
wafer in an exposure position with high precision, the wafer
is held on a wafer holder by a vacuum absorption or the like
and this wafer holder is fixed on a wafer stage capable of
being positioned with high precision or the wafer stage
capable of roughly slightly moving.

FIG. 17 shows an example of the wafer stage of the
prior-art exposing apparatus. Referring to FIG. 12, a Y stage
102 is placed on a wafer base 101 so that it may be driven
in a Y-direction by a driving motor, and an X stage 103 is
placed on the Y stage 102 so that it may be driven in an
X-direction by the driving motor. Furthermore, a mounting
support 104 is mounted on the X stage 103, a wafer holder
105 is fixed on the mounting support 104, and a wafer 106
is held on the wafer holder 105 by the vacuum absorption.
Movable mirrors 107, 108 for a laser interferometer are also
fixed near the wafer holder 105 on the mounting support 104
so that they may be perpendicular to each other. In this case,
the mounting support 104 can position the wafer 106 in a
Z-direction and in a direction of rotation about an axis
parallel to a Z-axis and can correct an inclined angle of the
wafer 106 (that is, an angle of rotation about the axes parallel
to an X-axis and a Y-axis).

When a deformation such as a local curvature is caused on
the wafer, a reticle image is not transferred on the shot
region near such a deformed region with high resolution.
Therefore, proposed is the method in which many piezo-
electric devices are buried in parallel in the wafer holder 105
and an amount of expansion/contraction (deformation) of
these piezoelectric devices is partially controlled so as to
thereby improve a flatness of the wafer held on the wafer
holder 105.

FIG. 18 shows an example of the prior-art wafer holder.
In FIG. 18, many absorbing grooves 102 are formed on a
contact surface of a front surface of a wafer holder 1014 with
a wafer W. Air or the like in the absorbing grooves 1024 is
evacuated through an exhaust path 1034 in the wafer holder
101, whereby the wafer W is absorbed/held on the front
surface of the wafer holder 101a. On the other hand, when
the thus absorbed/held wafer W is locally deformed
(curved), the reticle image cannot be excellently exposed
depending on the shot region on the wafer W.

As shown in FIG. 19, the wafer holder capable of cor-
recting the flatness of the wafer is also proposed. In FIG. 19,
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a space is provided in a bottom portion of the exhaust path
1034 in the wafer holder 1014, and many expandable/
contractible piezoelectric devices 104 are attached in this
space. Therefore, the amount of expansion/contraction
(deformation) of the piezoelectric devices 104a is individu-
ally controlled so that the region on the front- surface of the
wafer holder 101a on the piezoelectric devices 104 is
deformed, whereby the flatness of the wafer W absorbed/
held on the region can be improved.

FIG. 20 shows an example of the conventional wafer
stage. In FIG. 20, a Y stage 106 is placed on a wafer base
105a so that it may be movable in the Y-direction, and an X
stage 107 is placed on the Y stage 106a so that it may be
movable in the X-direction. A slight moving stage 109 is
also mounted in the X stage 107a by using four elastic
hinges 108A—108D as a guide so that it can be slightly
moved in the X-direction by piezoelectric devices 111, 112.
The wafer W is fixed on a mounting support 113 through the
wafer holder 101a. Movable mirrors 116X, 116Y for the
laser interferometer are also fixed near the wafer holder 101.
In this case, the X stage 107 and the Y stage 106 are operated
as a rough moving stage so as to roughly position the wafer
W. Then, the slight moving stage 109 and the mounting
support 113 are slightly moved in the X-direction and the
Y-direction, respectively, whereby the wafer W is positioned
with high precision.

As described above, the wafer stage of the prior-art
exposing apparatus is composed of various stages and the
mounting support stacked on the wafer base. Positioning of
the wafer on the mounting support is performed by, for
example, the driving motor using a feed screw method or the
like. As regards this fact, it has been recently needed to
further improve the positioning precision of the wafer stage
in response to a finer formation of the semiconductor device
or the like. Moreover, since an improvement of throughput
(productivity) is desired in the process of manufacturing the
semiconductor device or the like, the improvement of a
positioning speed of the wafer stage is also required.

Although the driving motor having a high power is
needed in order to position the mounting support (wafer) at
high speed with high precision by means of this conven-
tional stacked-structure wafer stage, the use of such a
driving motor causes an apparatus constitution to be large-
sized and be heavy in weight. As a result, the positioning
speed cannot be disadvantageously improved so much.
Furthermore, if the high-power driving motor is used, the
mounting support and the wafer are deformed due to heat by
an influence of the heat generated by the driving motor, and
thus there is a possibility that the positioning precision is
deteriorated rather than improved.

In the prior art in which many piezoelectric devices are
buried in the wafer holder in order to improve the local
deformation of the wafer, it is also necessary to dispose
many high-voltage wires for use in the piezoelectric devices
in the wafer holder. Thus, the wafer holder is large-sized and
the positioning speed is thus reduced, and a manufacturing
cost is also disadvantageously increased.

In the above-described prior art, in case of the wafer
holder of FIG. 18, the wafer W is held on the wafer holder
101 by the vacuum absorption. Thus, if a contaminant such
as resist residue is put between the rear surface of the wafer
W and the front surface of the wafer holder 101, the wafer
W is deformed due to the contaminant. As a result, there is
a possibility that a yield of a semiconductor device to be
finally manufactured is reduced. On the other hand, in case
of the wafer holder of FIG. 20, the flatness of the wafer W
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is corrected by the expansion/contraction of many piezo-
electric devices 104 in the wafer holder 101. However,
disadvantageously, since this method is required to arrange
many high-voltage wires for the piezoelectric devices, the
apparatus constitution is increased in size and complicated,
which results in the higher cost.

Moreover, in the conventional wafer stage of FIG. 20,
when the position of the image projected on the reticle
matches to that of each shot region on the wafer, the wafer
W is stepped at high speed through the X stage 107 and the
Y stage 106 (the rough moving stage). Then, the slight
moving stage 109 and the mounting support 113 are slightly
moved through the piezoelectric devices 111, 112 and 114,
115, whereby the wafer W is finally positioned. However,
for a structure for adjusting the position by pushing/pulling
the slight moving stage 109 and the mounting support 113 by
the piezoelectric devices, the high-speed positioning is dif-
ficult. Furthermore, since the slight moving stage 109 is
large-sized and heavy in weight, the rough moving stage for
driving the slight moving stage 109 at high speed requires a
high thrust force. Thus, the whole stage is large-sized and a
heat value gets higher, which may cause a deterioration of
the positioning precision.

SUMMARY OF THE INVENTION

The present invention is made in consideration of the
above problems. It is an object of the present invention to
provide a positioning device capable of positioning/holding
a substrate such as a semiconductor wafer at high speed with
high precision and provide an article positioning apparatus
for positioning an article composed of an electric conductive
material over a predetermined base, the apparatus compris-
ing; levitating units for levitating the article over the base;
driving force generating units including current generating
means for inducing a current in the article and magnetic field
generating section for generating a magnetic.

According to the present invention, the substrate (W) is
levitated over a predetermined base (4) by the levitating
units. In this state, the current is induced in the substrate (W)
by the current generating sections of the driving force
generating units. The magnetic field is generated by the
magnetic field generating sections. The displacement of the
substrate (w) due to the Lorentz force is controlled in
accordance with this detection result, whereby the substrate
(W) is positioned at high speed with high precision without
contact therewith by means of a simple constitution. More
specifically, even if the semiconductor wafer is an 8-inch
walfer, it is about 100 g in weight. Thus, the semiconductor
wafer can be easily levitated and easily displaced by the
Lorentz force.

In this case, as an example, the levitating unit comprises
gas feeding units (14-16) for emitting compressed gas from
an opening (13A) formed on the base (4). The compressed
gas is blown off on the rear surface of the substrate (W),
whereby the substrate (W) is levitated.

As another example, the levitating unit comprises a pair
of attracting electrodes (58A, 58B) arranged over the sub-
strate (W), and a predetermined voltage is applied between
the pair of attracting electrodes, whereby the substrate (W)
is attracted and levitated by an electrostatic attraction force.

As an example, the current generating section has a
plurality of electrodes (18A, 18B) arranged on the front
surface of the base (4), and a predetermined driving voltage
is applied between a pair of adjacent electrodes (18A, 18B),
whereby the current is flowed between regions on the
substrate (W) opposite to the pair of electrodes. Thus, the
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4

current can be flowed on the substrate (W) without contact
with the substrate (W).

In this case, preferably, the apparatus further comprises an
electrostatic capacity detecting unit (26) for detecting a
change in an electrostatic capacity caused due to the change
in the distance from the front surface of the electrodes (18A,
18B) for generating the current to the rear surface of the
substrate (W), wherein the distance (gap) to the rear surface
of the substrate is measured in accordance with the result
detected by the electrostatic capacity detecting unit. Accord-
ing to this constitution, since the electrodes for generating
the current can be also used as a gap sensor, the constitution
is simplified. Furthermore, the gap is measured by the
electrodes in three positions on the rear surface of the
substrate (W), whereby an inclined angle of the substrate
(W) can be also detected. The gap is measured by the
electrodes in four positions or more, whereby the deforma-
tion such as the curvature of the substrate (W) can be also
detected.

As an example, the magnetic field generating section
includes magnetic field generating materials (19, 20) dis-
posed in the base (4). Thus, the magnetic field can be
generated in the direction perpendicular to the surface of the
substrate (W).

Preferably, the displacement detecting unit has a plurality
of edge sensors (30A-30E) arranged so as to correspond to
an outer edge of the substrate (W) levitated by the levitating
units and a plurality of gap sensors (18A, 18B, 26) for
sensing a gap to the front or rear surface of the substrate.
Since a notch is typically provided in the periphery of the
substrate (W), the edge sensors are arranged in three posi-
tions or more including the notch portion, and the gap
sensors are arranged in three positions or more, whereby it
is possible to detect the displacement of six degrees of
freedom of the substrate (W) including a three-dimensional
displacement and a rotation of three degrees of freedom.

In the present invention, preferably, the apparatus further
comprises attraction force generating units (18A, 18B, 24)
for attracting the substrate (W) toward the base (4). The
substrate (W) remains levitated over the base (4) by the
levitating units. This levitating force is only adjusted,
whereby the height of the substrate (W) can be controlled to
some extent. By also controlling the attraction force gener-
ated by the attraction force generating units, the height of the
substrate (W) can be controlled with higher accuracy.

In this case, preferably, the attraction force generating
units are for applying a predetermined voltage between a
pair of adjacent electrodes (18A, 18B) of the current gen-
erating section and for generating the electrostatic attraction
force for attracting the substrate (W) toward the base (4).
According to this constitution, since the electrodes (18A,
18B) for generating the current can be also used as one part
of the attracting unit, the apparatus constitution is simplified.

Preferably, the voltage applied between a pair of adjacent
electrodes (18A, 18B) of the current generating section is
adjusted for each set (17A—171), whereby the deformation of
the substrate (W) is corrected. The thin/light substrate such
as the semiconductor wafer can be improved in a flatness by
this method without complicating/enlarging the apparatus
constitution and without contact with the substrate.

Next, according to the present invention, there is provided
an exposing apparatus for levitating/holding a semiconduc-
tor wafer (W) coated with a photosensitive material over the
substrate holding apparatus (4) of the present invention and
for exposing a mask pattern image onto the held semicon-
ductor wafer. According to the exposing apparatus of the
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present invention, the semiconductor wafer (W) is
positioned/held without contact therewith by the substrate
holding apparatus of the present invention. Thus, even if the
contaminant or the like adheres on the rear surface of the
wafer, the semiconductor wafer is not deformed. Therefore,
a yield of a semiconductor device or the like is improved.

According to the present invention, there is provided a
positioning device for positioning a substrate (W) composed
of an electric conductive material levitated/held over a
predetermined base (4) without contact with the substrate,
the device which comprises current generating sections
(18A, 18B, 25) for generating a current in the substrate
without contact with the substrate; and magnetic field gen-
erating sections (19, 20, 28) for generating a magnetic field
in a direction perpendicular to the current generated by the
current generating sections, wherein a driving force com-
posed of Lorentz force is generated. According to the present
invention, the substrate (W) levitated over the base can be
positioned/held at high speed with high precision by means
of a very simple construction.

Apositioning apparatus according to the present invention
iS a positioning apparatus for positioning a plate-shaped
article (W) composed of an electric conductive material over
a predetermined base (4), the apparatus comprising: a plate-
shaped holding body (7) composed of a generally rectangu-
lar electric conductive material and having a through hole
(7a) for containing the plate-shaped article (W) at the center
thereof; levitating units (14-16) for levitating the plate-
shaped article (W) and the plate-shaped holding body (7)
over the base (4); a driving unit (17A) including current
generating sections (18A, 18B, 25) for inducing a current in
the plate-shaped article (W) and the plate-shaped holding
body (7) and magnetic field generating sections (19, 20, 28)
for generating a magnetic field, the driving unit for gener-
ating a driving force composed of Lorentz force to the
plate-shaped article (W) and the plate-shaped holding body
(7) and for moving the article (W) and the plate-shaped
holding body (7) along a front surface of the base (4) by the
generated driving force; first displacement measuring units
(8X, 8YA, 8YB) for measuring a displacement of the
plate-shaped holding body (7); and second displacement
measuring units (31A-31E) for measuring the displacement
of the plate-shaped article (W) to the plate-shaped holding
body (7).

According to the present invention, the plate-shaped
holding body (7) and the plate-shaped article (W) are
levitated over a predetermined base (4) by the levitating
units. In this state, the current is induced in the article (W)
and the holding body (7) by the current generating sections
of a driving force generating unit. The magnetic field is
generated by the magnetic field generating sections in the
direction perpendicular to the induced current. The Lorentz
force is generated in the direction perpendicular to the
current and the magnetic field. This Lorentz force allows the
plate-shaped holding body (7) and the plate-shaped article
(W) to be displaced. A position of the plate-shaped article
(W) is exactly determined by correcting values measured by
the first displacement measuring units in accordance with
the values measured by the second displacement measuring
units. The displacement of the plate-shaped holding body (7)
and the plate-shaped article (W) due to the Lorentz force is
controlled in accordance with this detection result, whereby
the plate-shaped article (W) is positioned at high speed with
high precision without contact therewith. More specifically,
assuming that the plate-shaped article is a semiconductor
wafer, even if the semiconductor wafer is an 8-inch wafer,
it is about long in weight. Thus, the semiconductor wafer can
be easily levitated and easily displaced by the Lorentz force.
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In this case, as an example, the levitating unit comprises
gas feeding units (14-16) for emitting compressed gas from
an opening (13A) formed on the base (4). The compressed
gas is blown off on a rear surface of the plate-shaped article
(W) and the plate-shaped holding body (7), whereby the
article (W) and the holding body (7) are levitated.

As another example, the levitating unit comprises a pair
of attracting electrodes (36A) arranged over the plate-shaped
article (W) and the plate-shaped holding body (7), and a
predetermined voltage is applied between the pair of attract-
ing electrodes, whereby the plate-shaped article (W) and the
plate-shaped holding body (7) are levitated by an electro-
static attraction force.

As an example, the current generating section has a
plurality of electrodes (18A, 18B) arranged on the front
surface of the base (4), and a predetermined driving voltage
is applied between a pair of adjacent electrodes (18A, 18B),
whereby the current is flowed between regions on the
plate-shaped article (W) and the plate-shaped holding body
(7) opposite to a pair of electrodes.

In this case, preferably, the positioning apparatus further
comprises an electrostatic capacity detecting unit (26) for
detecting a change in an electrostatic capacity caused due to
the change in a distance from the front surface of the
electrodes (18A, 18B) for generating the current to the rear
surface of the plate-shaped article (W) and the plate-shaped
holding body (7), wherein the distance (gap) to the rear
surface of the plate-shaped article (W) and the plate-shaped
holding body (7) is measured in accordance with the result
detected by the electrostatic capacity detecting unit. Accord-
ing to this constitution, since the electrodes for generating
the current can be also used as a gap sensor, the constitution
is simplified. Furthermore, the gap is measured by the
electrodes in three positions on the rear surface of the
plate-shaped article (W), whereby an inclined angle of the
article can be also detected. The gap is measured by the
electrodes in four positions or more, whereby a deformation
such as a curvature of the article can be also detected.

More preferably, the first displacement measuring units
are arranged so that they may face to a side surface of the
plate-shaped holding body (7) levitated by the levitating
units and are the measuring units (8X, 8YA, 8YB) for
measuring the displacement in at least three positions on the
side surface of the plate-shaped holding body (7), and the
second displacement measuring units are arranged so that
they may face to an outer peripheral surface of the plate-
shaped article (W) and are the measuring units (31A-31E)
for measuring the displacement in at least three positions on
the outer peripheral surface of the plate-shaped article (W),
and the apparatus further comprises height measuring units
(18A, 18B 26) arranged so as to face to the front surface or
the rear surface of the plate-shaped holding body (7) and the
plate-shaped article (W) and for measuring the distance to
the front surface or the rear surface of the plate-shaped
holding body (7) and the plate-shaped article (W).

In this case, since a notch is typically provided in the
periphery of the plate-shaped article (W), the second dis-
placement measuring units are arranged in three positions or
more including the notch portion, and the distance (gap) is
measured in three positions or more on a bottom surface of
the plate-shaped article (W) by the height measuring units,
whereby it is possible to detect the displacement of six
degrees of freedom of the plate-shaped article (w) including
a three-dimensional displacement and a rotation of three
degrees of freedom.

As an example, the first displacement measuring unit
comprises laser interferometers (8X, 8YA, 8YB) for emit-
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ting measuring light beams onto at least three positions on
the side surface of the plate-shaped holding body (7) levi-
tated by the levitating units. In this case, the displacement of
the plate-shaped holding body (7) is measured in accordance
with the values detected by the laser interferometers.

As an example, the second displacement measuring unit
comprises a plurality of gap sensors (31A-31E) for sensing
the gap between an inner wall of the through hole (7a) of the
plate-shaped holding body (7) and the outer peripheral
surface of the plate-shaped article (W). In this case, the
displacement of the plate-shaped article (W) to the plate-
shaped holding body (7) is measured in accordance with the
values detected by a plurality of gap sensors.

In the above-described present invention, more
preferably, the apparatus further comprises attraction force
generating units (18A, 18B, 24) for attracting the plate-
shaped holding body (7) and the plate-shaped article (W)
toward the base (4). In the present invention, the plate-
shaped holding body (7) and the plate-shaped article (W)
remain levitated over the base (4) by the levitating units.
This levitating force is only adjusted, whereby the height of
the plate-shaped holding body or the like can be controlled
to some extent. By also controlling the attraction force
generated by the attraction force generating units, the height
of the plate-shaped article or the like can be controlled with
higher accuracy.

As an example, the attraction force generating units are
for applying a predetermined voltage between a pair of
adjacent electrodes (18A, 18B) of the current generating
section and for generating the electrostatic attraction force
for attracting the plate-shaped holding body (7) and the
plate-shaped article (W) toward the base (4). According to
this constitution, since the electrodes (18A, 18B) for gen-
erating the current can be also used as one part of the
attraction force generating unit, the apparatus constitution is
simplified.

More preferably, the voltage applied between a pair of
adjacent electrodes (18A, 18B) of the current generating
section is adjusted for each set, thereby the deformation of
the plate-shaped article (W) is corrected. The thin/light
article such as the semiconductor wafer can be improved in
a flatness by this method without complicating/enlarging the
apparatus constitution and without contact with the article.

Next, a second positioning apparatus according to the
present invention is a positioning apparatus for positioning
a plate-shaped article (W) composed of an electric conduc-
tive material over a predetermined base (4A), the apparatus
comprising: levitating units (14-16) for levitating the plate-
shaped article (W) over the base (4A); a driving unit (17A)
including current generating sections for inducing a current
in the plate-shaped article (W) and magnetic field generating
sections for generating a magnetic field in a direction
perpendicular to the current induced by the current gener-
ating sections, the driving unit for generating a driving force
composed of Lorentz force to the plate-shaped article (W) in
the direction perpendicular to the current and the magnetic
field and for moving the plate-shaped article (W) along the
front surface of the base (4A) by the generated driving force;
and measuring units (18A, 18B, 26A) for measuring a
relative position of the plate-shaped article (W) to the base
(4A), wherein the plate-shaped article (W) is positioned
through the driving unit (17A) in accordance with the
position of the plate-shaped article (W) measured by the
measuring units without contact therewith.

According to the another positioning apparatus of the
present invention, a single plate-shaped article (W) alone is
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levitated and positioned at high speed. Thus, for example,
when the plate-shaped article (W) is the semiconductor
wafer, the position cannot be detected by emitting the laser
beams onto the side surface of the plate-shaped article (W).
Therefore, in the present invention, for example, a horizontal
displacement of the plate-shaped article (W) to the base (4)
is detected on the bottom surface of the plate-shaped article
(W) by the use of the measuring units, whereby the posi-
tioning is performed in accordance with this-detection
result.

In this case, as an example, the measuring unit has a
plurality of electrodes (18A, 18B) arranged on the front
surface of the base (4), and the position of the plate-shaped
article is measured in accordance with the change in the
electrostatic capacity caused between the rear surface of the
plate-shaped article (W) and a plurality of electrodes (18A,
18B).

Next, an exposing apparatus of the present invention
comprises the first or second positioning apparatus of the
present invention and is for exposing a mask pattern image
onto a semiconductor wafer (W) positioned by the position-
ing apparatus. In this case, since the semiconductor wafer
(W) is the electric conductive material, it can be driven at
high speed without contact with the wafer by the positioning
apparatus of the present invention. Since the semiconductor
wafer (W) is held without contact with the wafer, the rear
surface thereof is not influenced by a contaminant or the
like.

The present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of illus-
tration only, and thus are not to be considered as limiting the
present invention.

Further scope of applicability of the present invention will
become apparent from the detailed description given here-
inafter. However, it should be understood that the detailed
description and specific examples, while indicating pre-
ferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion and the advantages thereof, reference is now made to
the following description taken in conjunction with the
accompanying drawings, in which;

FIG. 1 shows a schematic constitution of a projecting/
exposing apparatus according to a first embodiment of the
present invention;

FIG. 2 is a plan view of a driving base 4, a mirror plate
7 or the like shown in FIG. 1;

FIG. 3 is a cross sectional view taken on line 1—I of FIG.
2;

FIG. 4 is a partial enlarged view of FIG. 3;

FIG. 5 shows a driving unit 17A and a driving circuit of
the driving unit 17A for use in the first embodiment;

FIG. 6 is a cross sectional view for describing an opera-
tion of the driving unit 17A;

FIG. 7 is a cross sectional view for describing a correction
of a curvature of a wafer W by the use of the driving unit;

FIGS. 8A-8C illustrate rotations and drives in an
X-direction and a Y-direction of the wafer W by the use of
the driving unit;
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FIG. 9 is a plan view of a driving base 4A of the
projecting/exposing apparatus according to a second
embodiment of the present invention;

FIG. 10 is a cross sectional view of the driving unit 17A
for use in the second embodiment;

FIG. 11 is a partial cross sectional view of the projecting/
exposing apparatus according to a third embodiment of the
present invention;

FIG. 12 shows a schematic constitution of the projecting/
exposing apparatus of an embodiment of the present inven-
tion;

FIG. 13Ais a plan view of a Z stage 5 and a wafer holder
40 of the projecting/exposing apparatus shown in FIG. 12;,

FIG. 13B is a partially cutaway front view of the Z stage
5 and the wafer holder 40;

FIG. 14 is a plan view of the wafer holder 40 shown in
FIG. 2;

FIG. 15A-15C illustrate the correction of an angle of
rotation and an amount of shift in the X-direction and
Y-direction of the wafer W by the use of the driving unit;

FIG. 16 shows the schematic constitution of the
projecting/exposing apparatus of another embodiment of the
present invention;

FIG. 17 shows the constitution of an example of a wafer
stage of the prior-art exposing apparatus;

FIG. 18 is a cross sectional view of an example of the
prior-art wafer holder;

FIG. 19 is a cross sectional view of another example of the
prior-art wafer holder; and

FIG. 20 is a plan view of an example of the wafer stage
of the prior-art exposing apparatus.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

An embodiment of the present invention will be described
below with reference to FIGS. 1-8. This embodiment is an
application of the present invention to a semiconductor
wafer positioning section in a projecting/exposing appara-
tus.

FIG. 1 shows a schematic constitution of the projecting/
exposing apparatus according to this embodiment. In FIG. 1,
a pattern formed on a lower surface of a reticle R is
illuminated by an exposing light IL (an emission line such
as an 1 line of a mercury vapor lamp, an excimer laser light
or the like) from an illumination optical system 1 so that it
may have a uniform illumination distribution. Under the
exposing light IL, the pattern on the reticle R is projected
onto a predetermined shot region on a semiconductor wafer
W (hereinafter referred to as a ‘wafer’) through a projection
optical system 3 at a predetermined reducing magnification
B (where, for example, p is indicative of %, %5 or the like).
A front surface of the wafer W is coated with photoresist.
Assuming that a Z-axis is set parallel to an optical axis AX
of the projection optical system 3, an X-axis is set parallel
to the surface of FIG. 1 in a plane perpendicular to the
optical axis AX and a Y-axis is set perpendicularly to the
surface of FIG. 1, the description is provided below.

The reticle R is held on a reticle stage 2 capable of slightly
moving in an X-direction, a Y-direction and a direction of
rotation. A position of the reticle stage 2 is controlled in
accordance with values measured by laser interferometers
(not shown). On the other hand, the wafer W of this
embodiment is contained in a mirror plate 7 used as a
plate-shaped holding body. The wafer W and the mirror plate

10

15

20

25

30

35

40

45

50

55

60

65

10

7 are held over a driving base 4 while they remain levitated
without contact therewith. The driving base 4 is fixed on a
fixed plate (not shown). A force for levitating the wafer W
and the mirror plate 7 is provided by compressed air blown
off from an upper surface of the driving base 4. The
compressed air is supplied to the driving base 4 from an
external air supply source 15 through a flow control valve 14
and an air feeding pipe 16. A main control system 9 for
generally controlling an operation of the whole apparatus
controls a flow rate in the flow control valve 14 (described
in detail below).

FIG. 2 is a plan view of the driving base 4 shown in FIG.
1. Referring to FIG. 2, the mirror plate 7 is shaped like a
rectangular plate surrounded by sides substantially parallel
to the X-axis and the Y-axis. A side surface 7x in a direction
of =X and a side surface 7y in a direction of +Y of the mirror
plate 7 are planished. A laser beam is emitted onto the side
surface 7x from a laser interferometer 8X in the direction
parallel to the X-axis. The laser beams are emitted onto the
side surface 7y from two parallel-arranged laser interferom-
eters 8YA, 8YB in the direction parallel to the Y-axis. The
laser interferometers 8X, 8YA, 8YB measure displacements
of the corresponding side surfaces 7x, 7y at resolution of
about 0.001-0.01 um, for example. Then, they output a
result of measurement to the main control system 9 shown
in FIG. 1. In this case, for example, an X-coordinate and a
Y-coordinate of the mirror plate 7 are determined from the
value measured by the laser interferometer 8X and the
average value of the values measured by the laser interfer-
ometers 8YA, 8YB, respectively. An angle of rotation of the
mirror plate 7 is determined from a difference between the
values measured by the two laser interferometers 8YA, 8YB
on the Y-axis.

The mirror plate 7 is made of a metallic plate or an electric
conductive material such as conductive ceramics, for
example. A circular through hole 7a is formed in the mirror
plate 7. The wafer W is contained in the through hole 7a.
Electrostatic capacity type displacement meters 31A-31E
for detecting a distance to a contour (edge) of the wafer W
are also disposed in the through hole 7a of the mirror plate
7. The result detected by the displacement meters 31A-31E
is supplied to the main control system 9 shown in FIG. 1.
The displacement meters 31 A-31E are manufactured by a
fine processing technique for use in a manufacture of a
micro-machine or the like.

In this case, the displacement meters 31D, 31E are
arranged so that they may be opposite to both the ends of an
orientation flat portion WF on an outer periphery of the
wafer W in order to measure the angle of rotation of the
wafer W with respect to the mirror plate 7. The three
remaining displacement meters 31A-31C are arranged so
that they may be spaced at about 90° along the circular-arc
outer periphery of the wafer W in order to measure an
amount of displacement of the wafer W to the mirror plate
7 in the X-direction and the Y-direction. In this embodiment,
the displacement meters 31D, 31E are arranged so that they
may be adapted for the orientation flat portion OF. On the
other hand, when a notch portion is formed on the wafer, an
arrangement of the displacement meters 31D, 31E may be
changed in such a manner that it is adapted for the notch
portion. The arrangement and the number of the displace-
ment meters 31A-31E can be also changed within a range
capable of detecting the displacement of the wafer W to the
mirror plate 7 in the X-direction and the Y-direction and the
angle of rotation of the wafer W.

Then, the main control system 9 of FIG. 1 calculates the
X-coordinate and Y-coordinate of the wafer W in an XY
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plane and the angle of rotation of the wafer W from the
values measured by the laser interferometers 8X, 8YA, 8YB
and the values measured by the displacement meters
31A-31E. As described below, the driving base 4 of this
embodiment is also provided with a function for displacing
the wafer W and the mirror plate 7 in the XY plane without
contact with them and a function for controlling the position
(height), an inclined angle or the like of the wafer W and the
mirror plate 7. In FIG. 1, the main control system 9
controls,the operation of the driving base 4 through a wafer
driving section 21 in accordance with the position in the XY
plane and the angle of rotation of the wafer W determined
in the above-described manner, whereby the wafer W and
the mirror plate 7 are positioned. At this time, since an
expansion/contraction (deformation) of the wafer W (a
change in the magnification or the like) can be also measured
by the displacement meters 31A-31E, according to this
embodiment, it is possible to improve a precision in over-
lapping a reticle image on each short region on the wafer W.

On the side surface of the projection optical system 3,
arranged is an oblique-incidence focal point position detect-
ing system (not shown) for projecting a slit image or the like
on the front surface of the wafer W and for detecting an
amount of defocus of the wafer W from an amount of
vertical shift of the slit image reformed by the light reflected
from the wafer W. In accordance with an output or the like
from this focal point position detecting system, the main
control system 9 controls the position in a Z-direction and
the inclined angle of the wafer W through the driving base
4 by an auto-focus method and an auto-leveling method. As
described below, since the driving base 4 is also provided
with the function for measuring the distance to the wafer W
and the mirror plate 7, the oblique-incidence focal point
position detecting system may be omitted. During an
exposure, when the exposure is completed in a certain shot
region on the wafer W, the wafer W is stepped through the
driving base 4 at high speed without contact therewith, the
subsequent shot region is moved to an exposure field of the
projection optical system 3 and positioned with high
precision, and then the pattern image on the reticle R is
projected/exposed to that shot region. The above operation
is repeated by a step-and-repeat method, so that each shot
region on the wafer W is exposed to the light.

As described above, the wafer W and the mirror plate 7 of
this embodiment are held so that they may be levitated at a
predetermined distance over the driving base 4 without
contact therewith. The driving base 4 is also provided with
a mechanism for positioning the wafer W and the mirror
plate 7 without contact with them. The mechanisms for
holding and positioning the wafer W and the mirror plate 7
without contact with them by the driving base 4 will be
described below.

In the first place, as shown in FIG. 2, driving units 17A
and 17AR are incorporated in all the regions on the driving
base 4, in which the wafer W and the mirror plate 7 are
moved, so that they may be arranged at a pitch PX in the
X-direction and at a pitch PY in the Y-direction and they may
have the same constitution. In this case, the one driving unit
17A is the unit for applying a driving force FY of Lorentz
force in the direction of +Y to the wafer W or the like on the
upper surface thereof without contact with the wafer W. The
other driving unit 17AR is the unit for applying a driving
force FX of Lorentz force in the direction of X to the wafer
W or the like on the upper surface thereof without contact
with the wafer W. The driving unit 17AR is constituted by
rotating the driving unit 17A by 90°. In this embodiment, the
driving units 17A and 17AR are alternately arranged in the
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X-direction and the Y-direction. As a whole, the driving
units 17A are arranged in a zigzag grid pattern (the driving
units 17AR are also arranged in the same manner). The
arrangement pitches PX, PY are set so that the driving units
17A and 17AR may be totally contained on the bottom
surface of the wafer W in about 3-rowx3-column or more at
all times. Air feeding holes 13A and 13AR are also formed
at the centers of the driving units 17A and 17AR, respec-
tively. All the air feeding holes 13A and 13AR are connected
to the air feeding pipe 16 shown in FIG. 1.

FIG. 3 is-a cross sectional view taken on line I—I of FIG.
2. In FIG. 3, as a sectional surface of the driving base 4, the
one driving unit 17A alone is shown in the cross sectional
view, while the driving unit 17AR constituted by rotating the
driving unit 17A by 90° is shown in a front view. As shown
in FIG. 3, the driving units 17A and 17AR are alternately
arranged at a predetermined pitch on the bottom surface of
an upper plate 32 (not shown in FIG. 2) on the driving base
4. The air feeding hole 13A at the center of the driving unit
17A and the air feeding hole 13AR at the center of the
driving unit 17AR are connected to the air feeding pipe 16
in the driving base 4. The compressed air (compressed
nitrogen gas or the like is also possible) in the air supply
source 15 is emitted from the air feeding holes 13A, 13AR
on the front surface of the driving base 4 through the air
feeding pipe 16, whereby the wafer W and the mirror plate
7 are levitated by the same action as a static-pressure air
bearing by this compressed air layer. At this timer the main
control system 9 controls the flow rate of the compressed air
passing through the flow control valve 14, whereby an
amount of levitation of the wafer W and the mirror plate 7
can be controlled to some extent. Even if the wafer W and
the mirror plate 7 are moved in the X-direction and the
Y-direction, since the driving units 17A and 17AR are
arranged in the substantially whole surface of the driving
base 4 of this embodiment, the wafer W and the mirror plate
7 are moved while the whole surface of the driving base 4
remains levitated. Specifically, the constitution of the driv-
ing unit 17A and the driving circuit thereof will be described
below with reference to FIGS. 4-6.

In the first place, FIG. 4 is an enlarged view of FIG. 3. As
shown in FIG. 4, electrodes 18A, 18B, 18C, 18D, composed
of a flat-plate metal which is one part of the driving unit 17A
and is narrow long in the Y-direction, are arranged in the
X-direction on the bottom surface of the upper plate 32 of
the driving base 4. In this case, the distance between a first
pair of electrodes 18A and 18B in the X-direction is equal to
the distance between a second pair of electrodes 18C and
18D in the X-direction, and the distance between the elec-
trodes 18B and 18C at the center is set so that it may be
larger than the distance between the first pair of electrodes
and the distance between the second pair of electrodes. As
an example, the upper plate 32 is made of an insulating
material which is thinner than the wafer W. A generally
E-shaped iron core (core) 19 is arranged under the electrodes
18A-15D. A magnetic pole 194 at the center of the iron core
19 is arranged between the electrodes 18B and 18C. Mag-
netic poles 195 and 19¢ on both the sides of the iron core 19
are arranged between the one pair of electrodes 18A and 18B
and between the other pair of electrodes 18C and 18D,
respectively. The air feeding hole 13A passes through the
center of the central magnetic pole 19a. A coil 20 is wound
around the central magnetic pole 19a. An electromagnet
used as a magnetic field generating section is composed of
the iron core 19 and the coil 20. The iron core 19 is made of
a laminated silicon steel plate so that it can generate an
alternating-current magnetic field which is changed at high
speed.
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FIG. 5 is an enlarged perspective view of the driving unit
17A and shows the constitution of a driving circuit 22A of
the driving unit 17A. A controller 23 composed of a micro-
computer in the driving circuit 22A of FIG. § generally
controls the operation of each circuit in the driving circuit
22A. An electrostatic attracting circuit 24, an alternating-
current voltage generating circuit 25 and a gap detecting
circuit 26 are disposed in the driving circuit 22A. A variable
direct-current voltage VAL is generated in the electrostatic
attracting circuit 24. An alternating-current voltage VA2 of
a predetermined frequency fl and a variable amplitude is
generated in the alternating-current voltage generating cir-
cuit 25. An alternating-current voltage VA3 of a high fre-
quency (carrier frequency) 2 (>f1) is generated in the gap
detecting circuit 26. The direct-current voltage VAL, the
alternating-current voltage VA2 and the alternating-current
voltage VA3 are synthesized in a synthesizing circuit 27 in
the following manner, so that a voltage ¢pA is generated. This
voltage (potential difference)pA is applied between a pair of
electrodes 18A and 18B of the driving unit 17A.

@A=VA1 (direct current)+VA2 (frequency fl1)+

VA3(frequency f2) @

An exciting circuit 28 and a partial drive circuit 29 are
also disposed in the driving circuit 22A. The exciting circuit
28 supplies an alternating exciting current IE of the fre-
quency f1 to the coil 20 constituting the electromagnet in the
driving unit 17A. The partial drive circuit 29 applies a
voltage (potential difference) ¢B between the electrodes 18C
and 18D in the driving unit 17A. As expressed by the
following equation, the voltage ¢B is the synthesized volt-
age of a direct-current voltage VB1 equal to the direct-
current voltage VA1 generated by the electrostatic attracting
circuit 24, an alternating-current voltage VB2 of the fre-
quency fl equal to the alternating-current voltage VA2
generated by the alternating-current voltage generating cir-
cuit 25 and an alternating-current voltage VB3 of the fre-
quency f2 equal to the alternating-current voltage VA3
output from the gap detecting circuit 26.

¢B=VB1 (direct current)+VB2 (frequency f1) +

VB3(frequency f2) 2

In this case, a synchronizing signal S1 is supplied from
the alternating-current voltage generating circuit 25 to the
exciting circuit 28 and the partial drive circuit 29. The
component VA2 of the frequency f1 in the voltage A, the
exciting current IE and the component VB2 of the frequency
fl in the voltage ¢B are synchronized to each other and
changed. The other driving unit 17AR is also provided with
the same driving circuit as the driving circuit 22A. The wafer
driving section 21 of FIG. 1 is composed of these driving
circuits.

The basic operation of the driving unit 17A by the
alternating-current voltages VA2, VB2 of the frequency f1 in
the equations (1) and (2) will be described with reference to
FIG. 5. As shown in FIG. 5, assuming that the alternating-
current voltage VA2 of the electrode 18A is higher than that
of the electrode 18B on a certain point, the other alternating-
current voltage VB2 of the electrode 18C is also higher than
that of the electrode 18D. Thus, a current 1A flows through
the wafer W and the mirror plate 7 (not shown) over the
electrodes 18A, 18B in the direction of +X, and a current IB
also flows through the wafer or the like over the electrodes
18C, 18D in the direction of +X. At this time, assuming that
the magnetic pole 19a at the center of the iron core 19 is N
pole and the magnetic poles 195, 19¢ on both the ends
thereof are S pole, the magnetic field is generated from the
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N pole toward the S pole. Thus, a magnetic field BA is
generated over the one magnetic pole 195 in the direction of
-Z so that it may be perpendicular to the current IA, and a
magnetic field BB is also generated over the other magnetic
pole 19c in the direction of —Z so that it may be perpen-
dicular to the current IB. Therefore, a Lorentz force FA is
generated in the direction of +Y to the wafer W and the
mirror plate 7 (not shown) over the one magnetic pole 195,
and a Lorentz force FB is generated in the direction of +Y
to the wafer or the like over the other magnetic pole 19c.

Furthermore, in this embodiment, the alternating-current
voltage VA2 and the exciting current IE are synchronized to
each other. Thus, when the potential of the electrode 18B is
higher than that of the electrode 18A and the current flows
in the direction of - X, the magnetic pole 195 is changed into
the N pole and the magnetic field is generated in the
direction of +Z, so that the Lorentz force FA is thus
generated in the direction of +Y. In the same manner, since
the direction of the Lorentz force FB generated over the
magnetic pole 19c is also fixed, the magnitude and direction
of the two Lorentz forces FA, FB are the same in this
embodiment. The direction of the Lorentz forces FA, FB can
be changed by inverting a phase of the alternating-current
voltages VA2, VB2 (the exciting current IE is also possible).
The direction of the Lorentz forces FA, FB and the acting
time thereof are controlled, whereby the wafer W and the
mirror plate 7 over the driving unit 17A can be displaced by
a desired amount in the direction of +Y or -Y. In general,
since the wafer W is as light as about tens of grams (for
example, even an 8-inch wafer is about 100 g in weight) and
the wafer W is levitated, the wafer W can be easily moved
by the Lorentz forces FA, FB. Moreover, since the mirror
plate 7 has the through hole 74, for example, as shown in
FIG. 2, the mirror plate 7 can be reduced in weight and easily
moved by the Lorentz force. Thus, the controller 23 of FIG.
5 outputs information on the direction of the Lorentz forces
FA, FB to be generated and the acting time to the alternating-
current voltage generating circuit 25 and the partial drive
circuit 29. The alternating-current voltage generating circuit
25 outputs the alternating-current voltage VA2 for the acting
time in response to this information. The exciting current IB
and the alternating-current voltage VB2 are output in syn-
chronization with the alternating-current voltage VA2.

The action of the alternating-current voltages VA3 and
VB3 of the high frequency f2 in the equations (1) and (2)
will be described below. FIG. 6 is a cross sectional view of
the driving unit 17A. In FIG. 6, the alternating-current
voltage VA3 is applied between the electrodes 18A and 18B.
It is acceptable to assume that a capacitor is formed between
the electrodes 18A, 18B and the wafer W so that it may have
a capacity C in response to a gap dA therebetween (where
the gap dA is defined as the gap between the upper plate 32
and the bottom surface of the wafer W). Therefore, the
capacity C can be determined from the value of the alter-
nating current which flows while the alternating-current
voltage VA3 remains applied. That is, in the gap detecting
circuit 26 of FIG. 5§, the capacity C is determined from the
value of the alternating current flowing between the elec-
trodes 18A, 18B while the alternating-current voltage VA3
remains applied, and then the gap dA is determined from the
capacity C and output to the controller 23. A relationship
between the capacity C and the gap OA is previously
surveyed by the use of the standard wafer or the like, and the
relationship may be stored as a predetermined function or a
table in a memory in the gap detecting circuit 26.

On the side of the partial drive circuit 29, in the same
manner, the gap to the water is detected by the use of the
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alternating-current voltage VB3 and the detection result is
then output to the controller 23. As an example, the average
value of two gaps can be defined as the gap to the wafer in
driving unit 17A. Although the gap to the mirror plate 7 can
be measured in the same manner, the gap to the mirror plate
7 need not be measured more highly precisely than the gap
to the wafer. Thus, for example, the relationship for use in
the wafer is used as the relationship between the capacity C
and the gap 0A, whereby the gap dA with respect to the
mirror plate 7 may be only roughly measured.

The action of the direct-current voltages VA1 and VB1 in
the equations (1) and (2) will be described below. In FIG. 6,
assuming that the potential of the electrode 18A is higher
than that of the electrode 18B by the direct-current voltage
VAL, the bottom surface of the wafer W over the electrode
18A is negatively charged and the bottom surface of the
wafer W over the electrode 18B is positively charged, so that
an electrostatic attraction force 52A is generated between the
electrodes 18A, 18B and the wafer W. This is also caused in
the same manner by an inversion of a code of the direct-
current voltage VAL. In the same manner, an electrostatic
attraction force 52B is generated between the electrodes
18C, 18D and the wafer W by the direct-current voltage
VBI1. Then, both the electrostatic attraction forces 52A, 52B
are allowed to be equal to each other and be variable,
whereby the driving base 4 applies the variable attraction
force to the wafer W in the direction of —Z. At this time, in
this embodiment, the compressed air is blown off on the
bottom surface of the wafer W from the air feeding hole 13A
at the center of the driving unit 17A, so that a levitating force
51 also acts on the wafer W in the direction of +Z. Then, the
controller 23 of FIG. 5 instructs the electrostatic attracting
circuit 24 and the partial drive circuit 29 to increase/reduce
the magnitude of the direct-current voltages VAl and VB1
so that the gap 0A detected by the gap detecting circuit 26
may be a predetermined target value. Thus, the gap dA
between the wafer W and the upper plate 32 of the driving
base 4 is set at a desired value.

In the same manner, when the mirror plate 7 is located
over the driving unit 17A, the distance to the mirror plate 7
is controlled by the magnitude of the direct-current voltages
VALl and VBI. Although it is necessary to highly precisely
set the height of the wafer W, the height of the mirror plate
7 has only to be within the range in which the wafer W
therein is not removed.

As described above, the driving unit 17A shown in FIG.
5 has the function for applying the Lorentz force (the driving
force FY of FIG. 2) to the wafer W and the mirror plate 7
over the driving unit 17A in the direction of +Y, the function
for measuring the distance to the wafer W and the mirror
plate 7 thereover and the function for applying the electro-
static attraction force to the wafer W and the mirror plate 7
thereover. It is the to be acceptable that the electrostatic
attraction force is a holding force for holding the position
(height) of the wafer in the Z-direction in a desired position
in combination with the levitating force generated by the
compressed air. All the other driving units 17A, 17AR
shown in FIG. 2 are also provided with these three functions.
As regards the Lorentz force, since the driving unit 17AR is
rotated by 90° with respect to the driving unit 17A, the
Lorentz force (the driving force FX) generated by the
driving unit 17AR acts in the direction of +X. In this
embodiment, by a combination of these Lorentz forces, the
wafer W and the mirror plate 7 are displaced by a desired
amount in the X-direction and the Y-direction with respect
to the driving base 4, and the wafer W and the mirror plate
7 are rotated by a desired angle.
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At this time, the coordinate in the X-direction and the
Y-direction and the angle of rotation of the wafer W are
determined from the values measured by the laser interfer-
ometers 8X, 8YA, 8YB and the values measured by the
displacement meters 31A-31E. In accordance with this
result, the main control system 9 gives the controller (for
example, the controller 23 of FIG. 5) in the driving circuit
of the driving units 17A, 17AR an instruction about to what
extent the wafer W is displaced in each part. In response to
this instruction, the controller 23 or the like allows the
corresponding driving unit 17A or the like to generate a
predetermined Lorentz force. The gap between the upper
plate 32 of the driving base 4 and the bottom surface of the
wafer W and the mirror plate 7 detected by the gap detecting
circuit (for example, the gap detecting circuit 26 of FIG. 5)
in the driving circuit of the driving units 17A, 17AR is
supplied to the main control system 9 through the corre-
sponding controller 23 or the like. The main control system
9 outputs the target value of the gap to the controller 23 or
the like in accordance with this gap. In response to this
output, the driving units 17A, 17AR set the distance to the
wafer W and the mirror plate 7 at the designated target value.

The following description is provided for an example of
the operation when the wafer W is exposed by the
projecting/exposing apparatus of this embodiment. In the
first place, in FIG. 1, when the wafer W is supplied into the
mirror plate 7 on the driving base 4 from a wafer loader
system (not shown), the main control system 9 allows the
compressed air to be blown off from many air feeding holes
13A, 13AR of the driving base 4 at the standard flow rate
predefined by the flow control valve 14. In such a manner,
the water W and the mirror plate 7 are levitated and held
over the driving base 4. After that, the main control system
9 corrects a curvature of the wafer W, for example.

FIG. 7 is a schematic cross sectional view of the driving
base 4. Referring to FIG. 7, three driving units (driving units
17B, 17E, 17H in FIG. 7) in the driving base 4 are shown,
and the wafer W is levitated over the driving base 4 by the
compressed air. However, the wafer W is curved, and thus
the outer periphery thereof is lowered as shown by two-
dotted line 53 when the wafer W is only levitated. In this
case, since the main control system 9 of FIG. 1 can recog-
nize the curvature of the wafer W from the measured value
of the gap in the driving units 17A, 17AR, the amount of the
compressed air blown off on the bottom surface of the wafer
W is increased by the flow control valve 14, whereby the
levitating force acting on the wafer W is increased. In
addition, the main control system 9 instructs the controller
(the controller 23 or the like) of the driving units 17A, 17AR
to equalize the gap to the wafer W. As a result, the central
driving unit 17E of FIG. 7 strengthens the electrostatic
attraction force so as to thereby keep a gap JE to the wafer
W at the target value, and the driving units 17B and 17H on
both the ends weaken the electrostatic attraction force so as
to thereby widen gaps B and OE to the wafer W up to the
target value, whereby all the gaps 8B, 8E and OE are finally
changed into the target value. In the same manner, the other
driving units 17A, 17AR set the equal gap and correct the
curvature of the wafer W.

Next, when the wafer W remains levitated while the wafer
W is located in a predetermined reference position with
respect to the driving base 4, the position of an alignment
mark in each shot region on the wafer W is detected by the
use of an alignment sensor (not shown), whereby an align-
ment coordinate is determined in each shot region. Thus, the
positional relationship between the image projected on the
reticle R and each shot region on the wafer W is determined
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in accordance with the values measured by the laser inter-
ferometers 8X, 8YA, 8YB and the displacement meters
31A-31E. Moreover, the gap is controlled in the driving
units 17A, 17AR, whereby the auto-focus and the auto-
leveling (the correction of the inclined angle) of the wafer W
are also carried out. In this state, the wafer W and the mirror
plate 7 are stepped through the driving base 4 without
contact therewith, the shot region on the wafer W to be
exposed is positioned in the exposure field of the projection
optical system 3, and then the pattern image of the reticle R
is exposed.

In such a manner, when the wafer W and the mirror plate
7 are driven by the driving base 4 without contact therewith,
the driving units 17A, 17AR are used, for example, as shown
in FIG. 8. That is, first, when the amount of shift of the angle
of rotation (assuming it as the amount of clockwise shift) is
corrected, as shown in FIG.8A, the main control system 9
supplies the amount of displacement to the controllers of the
two X-axial driving units 17AR and the two Y-axial driving
units 17A on the bottom of the wafer W so that the amount
of shift may be canceled. In response to this operation,
counterclockwise Lorentz forces F1, F2, -F1 and —F2 act on
the wafer W from the right-side driving unit 17A, the
upper-side driving unit 17AR, the left-side driving unit 17A
and the lower-side driving unit 17AR, respectively, so that
the wafer W is counterclockwise rotated. At this time, since
the angle of rotation of the wafer W is monitored in
accordance with the values measured by the laser interfer-
ometers 8§YA, 8YB and the displacement meters 31D, 31E of
FIG. 2, the angle of rotation of the wafer W is exactly
corrected in a closed loop in accordance with these mea-
sured values.

Next, when the wafer W is displaced in the direction of
-X, as shown in FIGS. 8B, the main control system 9
instructs the controllers of a plurality of X-axial driving
units 17AR on the bottom of the wafer W to generate the
Lorentz force in the direction of -X. In response to this
instruction, a Lorentz force F3 acts on the wafer W from the
driving units 17AR in the direction of -X, so that the wafer
W is displaced in the direction of —X. In the same manner,
when the wafer W is displaced in the direction of -Y, as
shown in FIG. 8C, the main control system 9 instructs the
controllers of a plurality of Y-axial driving units 17A on the
bottom of the wafer W to generate the Lorentz force in the
direction of -Y. In response to this instruction, a Lorentz
force F4 acts on the wafer W from the driving units 17A in
the direction of -Y, so that-the wafer W is displaced in the
direction of -Y. At this time, since the position of the wafer
W in the X-direction and Y-direction is highly precisely
monitored by the laser interferometers 8X, 8YA, 8YB and
the displacement meters 31A-31E, the position of the wafer
W is exactly corrected in the closed loop in accordance with
this monitoring.

In such a manner, in this embodiment, since the wafer W
is driven without contact therewith, the wafer W can be
positioned at high speed. Therefore, throughput
(productivity) is improved in an exposure process.
Moreover, since the driving base 4 has only to drive the
wafer W and the mirror plate 7, a heat value is low and the
wafer W is levitated over the driving base 4, the wafer w is
scarcely influenced by the heat generated by the driving base
4, and the precision in positioning the wafer W is also
improved.

Furthermore, since the wafer W is levitated and held
without contact therewith over the driving base 4 of this
embodiment, even if a contaminant such as residue of resist
adheres on a rear surface of the wafer W, the wafer W is not
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curved. Moreover, since the curvature or the like of the
wafer W can be corrected by controlling the electrostatic
attraction force by the driving units 17A, 17AR, the wafer W
is flatly held during the exposure. In addition, no contact
with the wafer results in no contaminant. Therefore, since
the reticle image can be transferred on each shot region on
the wafer W with high resolution, a yield of a semiconductor
integrated circuit to be finally manufactured is improved.

In this embodiment, since the driving units 17A, 17AR
can individually control the electrostatic attraction force
acting on the wafer W and can individually measure the gap
to the wafer W, even if the wafer W is locally deformed, the
electrostatic attraction force is controlled in the driving unit
on the bottom of the deformed portion, whereby the local
deformation can be also easily corrected. More specifically,
this is effective for the exposure on a large-sized wafer
which is prone to the local deformation.

In the above-mentioned embodiment, although the con-
stitution is simplified because the electrodes 18A, 18B for
generating the driving force are also used as the gap sensor
for measuring the gap to the rear surface of the wafer W,
another independent gap sensor may be provided.
Furthermore, in this embodiment, since there is provided the
oblique-incidence focal point position detecting system (not
shown) for detecting the position of the front surface of the
wafer W in the Z-direction, this focal point position detect-
ing system is adapted so that it can measure on many points,
whereby the gap between the rear surface of the wafer W and
the driving base 4 may be controlled in accordance with this
measurement result.

A second embodiment of the present invention will be
described below with reference to FIGS. 9 and 10. In the
above-described embodiment, the position of the wafer W is
indirectly measured through the mirror plate 7. On the other
hand, in this embodiment, the position of the wafer is
directly measured and the wafer alone is driven. The por-
tions corresponding to the portions shown in FIGS. 2 and §
have the same reference numerals in FIGS. 9 and 10, and the
detailed description of the corresponding portions is omit-
ted.

FIG. 9 is a plan view of a driving base 4A of this
embodiment. In FIG. 9, the driving units 17A and 17AR are
alternately arranged in the driving base 4A at the pitch PX
in the X-direction and at the pitch PY in the Y-direction. The
constitution of the driving units 17A, 17AR is substantially
the same as the constitution in the first embodiment. The
compressed air is blown off from the air feeding holes 13A,
13AR in the driving units 17A, 17AR so that the wafer W
is levitated by the compressed air. In such a manner, in this
embodiment, a single wafer W alone is levitated over the
driving base 4A. Moreover, the driving units 17A, 17AR can
generate the electrostatic attraction force acting on the wafer
W and can keep the gap to the wafer W at a desired value
without contact with the wafer W. Furthermore, the driving
units 17A and 17AR generate the driving force (the Lorentz
force) FY in the Y-direction and the driving force (the
Lorentz force) FX in the X-direction to the wafer W without
contact with the wafer W, and the wafer W is moved and
rotated in the X-direction and Y-direction by the combina-
tion of these driving forces FY, FX.

The mechanism for measuring the position of the wafer W
of this embodiment in the XY plane is also incorporated in
the driving units 17A, 17AR.

FIG. 10 is typically a cross sectional view of a single
driving unit 17A. Although the driving circuit of the driving
unit 17A of FIG. 10 is substantially the same as the driving
circuit 22A of FIG. 5, the gap detecting circuit 26 of FIG. §
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is replaced by a gap position detecting circuit 26A of FIG.
10. This gap position detecting circuit 26 A also supplies the
alternating-current voltage VA3 of the high frequency f2 to
the electrodes 18A, 18B of the driving unit 17A through the
synthesizing circuit 27 so as to thereby detect the capacity C
of the capacitor generated in response to the gap between the
upper plate 32 of the driving base 4A and the bottom surface
of the wafer W. Then, when the wafer W is located over the
driving unit 17A, that is, when the capacity C is slightly
deviated from a predetermined reference value, the gap
position detecting circuit 26A detects the gap to the watfer W
in accordance with the change in the capacity C and supplies
the detection result to the controller 23 of FIG. 5.

On the other hand, when the wafer W is moved in the
X-direction and thus an edge 33 of the wafer W crosses over
the electrodes 18A, 18B, the capacity C detected by the gap
position detecting circuit 26A is considerably changed. The
gap position detecting circuit 26 A detects the amount of shift
of the position of the edge 33 of the wafer W in the
X-direction (where a reference point is set at an intermediate
point between the electrodes 18A and 18B, for example) in
accordance with the change in the capacity C and provides
this detection result to the main control system 9 through the
controller 23 of FIG. 5. Then, the main control system 9
calculates the position of the wafer W in the X-direction and
Y-direction and the angle of rotation from the amount of
shift of the position of the edge of the wafer W in the
X-direction and Y-direction detected by the gap position
detecting circuits 26A attached to the driving units 17A,
17AR of FIG. 9. In accordance with this result, the wafer W
is positioned through the driving units 17A, 17AR without
contact with the wafer W. The other constitution is the same
as the constitution of the first embodiment.

In such a manner, in this embodiment, since the electrodes
18A-18D of the driving units 17A, 17AR are also used as
an electrostatic capacity type edge sensor, the displacement
including the expansion/contraction (deformation) of the
wafer W is detected without contact with the wafer W, and
the position of a single wafer W alone can be thus controlled
in accordance with this detection.

An another embodiment of the present invention will be
described below with reference to FIG. 11. The wafer is
levitated by blowing off the compressed air on the rear
surface of the wafer in the above-described embodiments,
while the wafer (or the holding body) is levitated by
upwardly attracting it in this embodiment. The portions
corresponding to the portions shown in FIGS. 1-3 have the
same reference numerals in FIG. 11, and the detailed
description of the corresponding portions is omitted.

FIG. 11 partially shows the projecting/exposing apparatus
of this embodiment. In FIG. 11, the driving units 17A, 17AR
are alternately arranged on the bottom of the upper plate 32
of a driving base 43 at a predetermined pitch in the
X-direction and Y-direction. It should be noted that the
driving units 17A, 17AR are not arranged in a
predetermined-sized region 32a including the exposure field
of the projection optical system 3 in this embodiment.
Although the constitution of the driving units 17A, 17AR of
this embodiment is substantially the same as driving unit
17A of FIG. 5, there is provided an additional function for
detecting the displacement of the edge of an overcrossing
moving body such as the embodiment shown in FIG. 10.
Since the driving units 17A, 17AR of this embodiment do
not need to blow off the compressed air for levitating the
wafer W, the air supply source 15, the flow control valve 14
and the air feeding pipe 16 of FIG. 2 are not provided.

A substantially rectangular plate-shaped movable plate 34
is levitated over the driving base 43. The wafer w is placed
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in a concavity 34a on the upper surface of the movable plate
34. The movable plate 34 is made of the metallic plate or the
electric conductive material such as the conductive
ceramics, for example. In this embodiment, the movable
plate 34 is driven in the XY plane without contact therewith
by the driving units 17A, 17AR in the driving base 4B. At
this time, the displacement of the edge of the movable plate
34 is also detected by the edge displacement detecting
function of the driving units 17A, 17AR, so that the movable
plate 34 is positioned in accordance with this detection
result.

In order to levitate the movable plate 34 and the wafer W,
a mounting frame 35, which has the bottom surface for
covering most of the region where the movable plate 34 is
moved, is fixed on the lower side surface of the projection
optical system 3 of FIG. 11. Many pairs of same attracting
electrodes 36A, 36B, 36C, . . . arc fixed on the bottom
surface of the mounting frame 35 at a predetermined pitch
in the X-direction and Y-direction. For example, a pair of
attracting electrodes 36 A comprises two electrodes which
are narrow long in the Y-direction and are arranged so that
a predetermined space may be provided in the X-direction.
Apredetermined direct-current voltage is applied to the pairs
of attracting electrodes 36A, 36B, 36C, . . . from a power
source in the main control system (not shown), whereby the
electrostatic attraction force is generated between the pairs
of attracting electrodes 36 A, 36B, 36C, . . . and the movable
plate 34 and the wafer W, so that the movable plate 34 and
the wafer W are attracted upward (in the direction of +Z) and
levitated. At this time, the electrostatic attraction force is
also generated between the wafer W and the movable plate
34, so that the wafer W is thus held in the concavity 34a on
the movable plate 34 by the electrostatic attraction force.
The other constitution is the same as the constitution of the
projecting/exposing apparatus shown in FIG. 1.

In this embodiment, the movable plate 34 and the wafer
W are upwardly attracted toward the mounting frame 35 by
the electrostatic attraction force. Thus, by controlling the
electrostatic attraction force which is generated in the direc-
tion of -Z by the driving units 17A, 17AR in the driving
base 4B, the height and inclined angle of the movable plate
34 can be controlled so that they may be in a desired state.
However, since there is provided no pair of attracting
electrodes in the region transmitting the exposing light from
the projection optical system 3, there is a possibility that the
movable plate 34 and the wafer W are downward deflected
in this region without measures. Therefore, a pair of attract-
ing electrodes, which is arranged near the exposure field of
the projection optical system 3 among the pairs of attracting
electrodes 36A, 36B, 36C, . . . of this embodiment, gives the
wafer W and the movable plate 34 such a moment (the
distance to the centerxthe force) that the wafer Wand the
movable plate 34 are upwardly attracted at the center of the
exposure field. Thus, the wafer W is flatly held at all times.

In this embodiment, although the driving units 17A,
17AR are not disposed in the region 32a near the exposure
field of the projection optical system 3 in the driving base
4B, since the region around the bottom surface of the
movable plate 34 is always located over any ones of the
driving units 17A, 17AR, the wafer W can be always
positioned through the movable plate 34 at highspeed with
high precision. In such a constitution in which the driving
units 17A, 17AR are not disposed in the region within a
predetermined range including the exposure field, that is,
near the lower surface of the wafer W, the unit for generating
a variable magnetic field near the lower surface of the water
W and a magnetic field generating material are not arranged.



US 6,333,572 B1

21

Thus, even if the exposure is performed by the use of an
electron ray, an orbit of the electron ray is not changed.
Therefore, a contactless driving mechanism as shown in
FIG. 11 is also suitable for an electron beam exposing
apparatus.

Although the above-mentioned embodiments are the
application of the present invention to a full wafer exposure
type projecting/exposing apparatus, the present invention
may be applied to a scan/exposure type projecting/exposing
apparatus such as a step-and-scan system for transferring the
reticle on the wafer by scanning the reticle and the wafer in
synchronization with the projection optical system. The
present invention may be also applied to a proximity type
exposing apparatus. Furthermore, a positioning apparatus of
the present invention is applicable to not only the exposing
apparatus but also other apparatuses such as a machine tool.
In such a manner, the present invention is not limited to the
above-described embodiments, and various constitutions
can be made without departing from the subject matter of the
present invention.

According to a above embodiment of the present
invention, a plate-shaped article (a semiconductor wafer or
the like) and a plate-shaped holding body are levitated over
a base, and a driving force of Lorentz force is generated to
the levitated article to be driven, whereby the article is
positioned without contact therewith. Therefore, since the
article to be driven can be miniaturized and lightened, the
plate-shaped article can be advantageously positioned at
high speed with high precision by the use of a unit which is
small-sized and generates little heat. More advantageously,
even if a contaminant or the like adheres on a rear surface
of the plate-shaped article, since the article does not come
into contact with the base, the article is not deformed.
Furthermore, no contact results in no contaminant.

When a levitating unit comprises gas feeding units for
emitting compressed gas from an opening formed on the
base, a levitating force can be substantially constantly
applied onto a bottom surface of the article to be driven at
all times. When the levitating unit comprises a pair of
attracting electrodes arranged over the plate-shaped article
and the plate-shaped holding body, a constitution can be
simplified on the side of the base.

When a current generating section has a plurality of
electrodes arranged on a front surface of the base and a
predetermined driving voltage is applied between a pair of
adjacent electrodes so that a current is flowed between
regions opposite to a pair of electrodes, the current can be
contactlessly generated. Furthermore, when a magnetic field
generating section is composed of a magnetic field gener-
ating material disposed between a pair of adjacent
electrodes, a magnetic field can be easily generated perpen-
dicularly to the current.

Moreover, when a distance to the rear surface of a
substrate is measured in accordance with a change in an
electrostatic capacity caused due to the change in the dis-
tance from the front surface of the electrode for generating
the current to the substrate, it is not necessary to arrange
another gap sensor or the like, and thus the constitution can
be simplified.

Furthermore, a first displacement measuring unit is
arranged so that it may face to a side surface of the
plate-shaped holding body levitated by the levitating unit,
and it is the measuring unit for measuring a displacement in
at least three positions on the side surface of the plate-shaped
holding body. A second displacement measuring unit is
arranged so that it may face to an outer peripheral surface of
the plate-shaped article, and it is the measuring unit for
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measuring the displacement in at least three positions on the
outer peripheral surface of the plate-shaped article. There is
also provided a height measuring unit which is arranged so
that it may face to the front or rear surface of the plate-
shaped holding body and the plate-shaped article and mea-
sures the distance to the front or rear surface of the plate-
shaped holding body and the plate-shaped article. In such a
case, the displacement of six degrees of freedom of the
plate-shaped article can be easily measured.

In this case, when the first displacement measuring unit
comprises a laser interferometer for emitting measuring light
beams onto at least three positions on the side surface of the
plate-shaped holding body levitated by the levitating unit,
the displacement of the plate-shaped holding body can be
measured without contact with the body with high precision
over a wide range. When the second displacement measur-
ing unit comprises a plurality of gap sensors for sensing a
gap between an inner wall of a through hole of the plate-
shaped holding body and the outer peripheral surface of the
plate-shaped article, a relative displacement of the plate-
shaped article to the plate-shaped holding body can be easily
measured with high precision.

When there is further provided an attraction force gener-
ating unit for attracting the plate-shaped holding body and
the plate-shaped article toward the base, the height of the
plate-shaped article can be positioned with high precision.

In this case, when the attraction force generating unit
applies a predetermined voltage between a pair of adjacent
electrodes for generating the current so as to thereby gen-
erate an electrostatic attraction force for attracting the plate-
shaped article or the like toward the base, the electrodes can
be also used as the current generating section and the
attraction force generating unit. Thus, the height of the
plate-shaped article or the like can be positioned by a very
simple constitution.

Furthermore, when the voltage applied between a pair of
electrodes for generating the current is adjusted for each set
so as to thereby correct a deformation of the plate-shaped
article, a flatness of the plate-shaped article can be improved
without enlarging the apparatus.

Moreover, according to a second positioning apparatus of
the present invention, since the plate-shaped article (the
semiconductor wafer or the like) alone is driven by the
Lorentz force without contact therewith, the article to be
driven is minimum-sized and lightest in weight, and thus the
plate-shaped article can be positioned at very high speed
with higher precision.

According to an exposing apparatus of the present
invention, since the semiconductor wafer is positioned at
high speed without contact therewith by the use of the
positioning apparatus of the present invention, throughput
can be improved in an exposing process. Furthermore, since
the contaminant on the rear surface of the semiconductor
wafer does not cause the deformation of the semiconductor
wafer and no contact with the semiconductor wafer results
in no contaminant, a yield of a semiconductor integrated
circuit or the like to be manufactured can be improved.

More another embodiment of the embodiment of the
present invention will be described below with reference to
the accompanying drawings. This embodiment is the appli-
cation of the present invention to a semiconductor wafer
holding portion of the projecting/exposing apparatus.

FIG. 12 shows a schematic constitution of the projecting/
exposing apparatus of this embodiment. The elements hav-
ing the same reference numerals/symbols in FIG. 1 are the
same portions in FIG. 12, and the description is thus omitted.

That is, in the embodiment shown in FIG. 12, there are
additionally provided a Z stage S capable of positioning a
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wafer holder 40 in the Z-direction and a driving stage 10 for
driving the Z stage 5. The wafer holder 40 is fixed, and the
Z stage 5 is mounted on an XY stage 6 capable of moving
in the X-direction and Y-direction. An X-axial movable
mirror 7X for reflecting the laser beam emitted from the
laser interferometer 8X is fixed on an upper end in the
direction of —X on the Z stage 5. A Y-axial movable mirror
7Y for reflecting the laser beams emitted from the two
parallel-arranged laser interferometers 8YA, 8YB (see FIG.
13A) is also fixed on the upper end in the direction of +Y on
the Z stage 5. The laser interferometers 8X, 8YA, 8YB
measure the displacements of the corresponding movable
mirrors at the resolution of about 0.001-0.01 um, for
example. Then, they output the result of measurement to the
main control system 9.

In this case, for example, the X-coordinates and the
Y-coordinates of the Z stage § and the wafer holder 40 are
determined from the value measured by the laser interfer-
ometer 8X and the average value of the values measured by
the laser interferometers 8YA, 8YB, respectively The angle
of rotation of the Z stage 5 (the wafer holder 40) is
determined from the difference between the values measured
by the two laser interferometers 8YA, 8YE on the Y-axis. In
accordance with the information on the position of the Z
stage 5 (the wafer W) obtained from the values measured by
the laser interferometers 8X, 8YA, 8YB, the main control
system 9 controls the operation for positioning the XY stage
6 through a feed-screw wafer stage driving section 10
including a driving motor, for example.

On the side surface of the projection optical system 3,
arranged is the oblique-incidence focal point position detect-
ing system (not shown) for projecting the slit image or the
like on the front surface of the wafer W and for detecting the
amount of defocus of the wafer W from the-amount of
vertical shift of the slit image reformed by the light reflected
from the wafer W. In accordance with the output or the like
from this focal point position detecting system, the main
control system 9 controls the position of the Z stage 5 (the
wafer W) by the auto-focus method. As described below,
since the wafer holder 40 of this embodiment is also
provided with the function for setting the distance to the
wafer W at a desired value, the auto-focus and auto-leveling
can be also performed through the wafer holder 40.

The wafer stage comprises the Z stage 5, the XY stage 6,
the movable mirrors 7X, 7Y and the wafer stage driving
section 10. In this embodiment, as described below, there is
also provided a function for slightly moving the position of
the wafer W without contact with the wafer holder 40 and for
positioning the wafer W with high precision. During the
exposure, when the exposure is completed in a certain shot
region on the wafer W, the wafer W is stepped through the
XY stage 6 at high speed, and the subsequent shot region is
moved to the exposure field of the projection optical system
3. Then, the wafer W is positioned through the wafer holder
40 with high precision, and the pattern image on the reticle
R is projected/exposed to that shot region. The above
operation is repeated by the step-and-repeat method, so that
each shot region on the wafer W is exposed to the light.

As described above, the wafer W of this embodiment is
held so that they may be levitated at a predetermined
distance over the wafer holder 40 without contact therewith.
Furthermore, although the wafer stage of the projecting/
exposing apparatus of this embodiment allows the Z stage 5
(the wafer W) to be roughly moved at high speed, this water
stage itself is not provided with the slight moving stage.
Although the XY stage 6 in the wafer stage can be used as
the slight moving stage, this is required to position the

10

15

20

25

30

35

40

45

50

55

60

65

24

moving body including the Z stage 5, which may cause a
response speed to be deteriorated. Therefore, in this
embodiment, the wafer holder 40 is also provided with the
function of the slight moving stage. The main control system
9 controls the operation of the wafer holder 40 through the
wafer holder driving section 21. The mechanisms for
holding/slightly moving the wafer W without contact with
the wafer by the wafer holder 40 will be described below.

In the first place, FIG. 13A is a plan view of the z stage
5 and the wafer holder 40 shown in FIG. 12. FIG. 13B is a
partially cutaway front view of FIG. 13A. As shown in
FIGS. 13A and 13B, the circular wafer holder 40 is fixed on
the Z stage 5, the wafer W is held so that it may be levitated
over the wafer holder 40, and the movable mirrors 7X, 7Y
are fixed on the side surface of the wafer holder 40 on the
Z stage 5. On the front surface of the wafer holder 40,
formed is a looped levitating air feeding groove 11 having
substantially the same shape as an outer shape of the wafer
W to be held. Since the wafer W of this embodiment is the
wafer which is substantially circular and has the orientation
flat portion WF in part, a circumference of the levitating air
feeding groove 11 is also partially flat. The five electrostatic
capacity type edge sensors 30A-30E are also arranged near
the bottom of the contour of the wafer W in the region
outside the levitating air feeding groove. 11 on the wafer
holder 40. The edge sensors 30A-30E detect the amount of
displacement in a normal direction of the contour (edge) of
the wafer W from a the reference points in the sensors and
then supply the detection result to the main control system
9 (see FIG. 5).

In this case, the edge sensors 30D, 30E are arranged so
that they may match to both the ends of the orientation flat
portion WF on the outer periphery of the wafer W in order
to measure the angle of rotation of the wafer W. The three
remaining edge sensors 30A-30C are arranged so that they
may be spaced at about 90° along the circular-arc outer
periphery of the wafer W in order to measure the amount of
displacement of the wafer W in the X-direction and the
Y-direction. In this embodiment, the edge sensors 30D, 30E
are arranged so that they may be adapted for the orientation
flat portion WF on the wafer W. On the other hand, when the
notch portion is formed on the wafer, the shape of the
levitating air feeding groove 11 and the arrangement of the
edge sensors 30D, 30E may be changed in such a manner
that they are adapted for the notch portion.

FIG. 14 is an enlarged plan view of the wafer holder 40
shown in FIG. 13A. As shown in FIG. 14, four air feeding
holes 12A-12D are disposed in the levitating air feeding
groove 11 so that they may be spaced at about 90° Nine air
feeding holes 13A, 13B, . . ., 13H, 131 (3-rowx3-column)
are also disposed in the region surrounded by the levitating
air feeding groove 11. As shown in FIG. 14, these air feeding
holes 12A—-12D and 13A—13I are connected to the end of the
air feeding pipe 16 in the wafer holder 40. The compressed
air (the compressed nitrogen gas or the like is also possible)
in the air supply source 15 is emitted from the air feeding
holes 12A—-12D on the front surface of the wafer holder 40
through the air feeding pipe 16, whereby the compressed air
layer is formed along the looped levitating-air feeding
groove 11, so that the wafer W is levitated by this com-
pressed air layer. Since the compressed air is also emitted
from the air feeding holes 13A—13I in the levitating air
feeding groove 11, the center of the wafer W is not deflect
downward. At this time, the main control system 9 controls
the flow rate of the compressed air passing through the flow
control valve 14, whereby the amount of levitation of the
wafer W can be controlled to some extent. As described
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below, since a plurality of driving units capable of attracting
the wafer W and of displacing the wafer W in a predeter-
mined direction are also incorporated in the wafer holder 40
of this embodiment, the position of the wafer W can be
exactly controlled in the Z-direction and the curvature or the
like of the wafer W can be also corrected through these
driving units.

That is, as shown in FIG. 14, the nine driving units 17A,
17B, ..., 17H, 171 are incorporated in the region surrounded
by the levitating air feeding groove 11 on the wafer holder
40 so that three rows and three columns may be arranged in
the X-direction and the Y-direction, respectively and the
driving units may have the same constitution. Since the
directions (the angles of rotation) of the driving units
17A-171 are different from one another, the directions of the
generated Lorentz forces are also different from one another
as described below. Specifically, the three driving units
17A-17C in the first row and three driving units 17G-171 in
the third row arranged parallel to the Y-axis have the same
direction. The three driving units 17D-17F in the second
row arranged parallel to the Y-axis at the center are rotated
by 90° with respect to the driving units in the other two rows.

Herein, an enlarged cross sectional view taken on line 1—1
of FIG. 14 is the same as FIG. 4 showing the above-
described embodiment. Accordingly, since the mechanism is
also the same, the description is omitted.

The following description is provided for an example of
the operation when the wafer W is exposed by the
projecting/exposing apparatus of this embodiment. In the
first place, in FIG. 12, when the wafer W is supplied onto the
wafer holder 40 from the wafer loader system (not shown),
the main control system 9 allows the compressed air to be
blown off from the air feeding holes 12A-12D, 13A-13I of
the wafer holder 40 at the standard flow rate predefined by
the flow control valve 14. Thus, the wafer W is levitated and
held over the wafer holder 40. After that, the main control
system 9 corrects the curvature of the wafer W. Since this
correction of the wafer curvature is performed in the same
manner as the above-described embodiment shown in FIG.
7, the description is omitted. After that, the wafer holder 40
is stepped/driven through the XY stage 6 of FIG. 12, and the
shot region on the wafer W to be exposed is roughly
positioned in the exposure field of the projection optical
system 3. Then, the wafer W is slightly moved without
contact therewith through the Lorentz force by the wafer
holder 40, whereby the wafer W is finally positioned.

Thus, when the wafer W is roughly positioned, the main
control system 9 calculates the amounts AX, AY of shift of
the position of the shot region on the wafer W to the
exposing position in the X-direction and Y-direction and the
amount A6 of shift of the angle of rotation in accordance
with the values measured by the laser interferometers 8X,
8YA, 8YE and the values measured by the edge sensors
30A-30E of FIG. 13A.

Next, in order to firstly correct the amount A6 of shift of
the angle of rotation (assuming it as the amount of clockwise
shift), as shown in FIG. 15A, the main control system 9
supplies the amount of displacement to the controllers of the
xX-directional driving units 17B, 17H and the
xY-directional driving units 17D, 17F on the bottom of the
wafer W so that the amount A6 of shift may be canceled. In
response to this operation, the counterclockwise Lorentz
forces F1, F2, -F1, —F2 act on the wafer W from the driving
units 17B, 17D, 17H, 17F, respectively, so that the wafer W
is rotated by —AB as shown by a two-dotted line 54. At this
time, since the angle of rotation of the wafer W is monitored
in accordance with the values measured by the edge sensors
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30D and 30E, the angle of rotation of the wafer W is exactly
corrected in the closed loop in accordance with these mea-
sured values.

Next, in order to correct the amount AX of shift of the
position in the X-direction (assuming it as the amount of
shift in the direction of +X), as shown in FIG. 15B, the main
control system 9 supplies the amount of displacement to the
controllers of the driving units 17D—17F at the center on the
bottom of the wafer W so that the amount AX of shift may
be canceled. In response to this operation, the Lorentz force
F3 acts on the wafer W from the driving units 17D-17F in
the direction of -X, so that the wafer W is displaced by —AX
as shown by a two-dotted line 55. In the same manner, in
order to correct the amount AY of shift of the position in the
Y-direction (assuming it as the amount of shift in the
direction of +Y), as shown in FIG. 15C, the main control
system 9 supplies the amount of displacement to the con-
trollers of the driving units 17A-17C and 17G-171 on the
left and right sides on the bottom of the wafer W so that the
amount AY of shift may be canceled. In response to this
operation, the Lorentz force F4 acts on the wafer W from the
driving units 17A-17C, 17G-171 in the direction of -Y, so
that the wafer W is displaced by—Y as shown by a two-
dotted line 56. At this time, since the X-directional/Y-
directional displacements of the wafer W are also monitored
by the edge sensors 30A—-30C or the like, the position of the
wafer W is exactly corrected in the closed loop in accor-
dance with this monitor.

When the position of the wafer W is thus set at a target
position, the pattern image of the reticle R is exposed onto
the shot region. The exposure is also performed in the other
shot regions in the same manner. In this case, since there is
provided no slight moving stage for supporting the Z stage
5 of FIG. 12 in this embodiment, the moving body to be
driven by the XY stage 6 is small-sized and light in weight.
It is therefore possible to increase a stepping speed of the XY
stage 6.

Furthermore, since the wafer W is levitated and held
without contact therewith over the wafer holder 40 of this
embodiment, even if the contaminant such as the residue of
the resist adheres on the rear surface of the wafer W, the
wafer W is not curved. Moreover, since the curvature or the
like of the wafer W can be corrected by controlling the
electrostatic attraction force by the driving units 17A-171,
the wafer W is flatly held during the exposure. Therefore,
since the reticle image can be transferred on each shot region
on the wafer W with high resolution, the yield of the
semiconductor integrated circuit to be finally manufactured
is improved. Furthermore, in this embodiment, since the
wafer W is displaced through the Lorentz force without
contact therewith by the driving units 17A-171 in the wafer
holder 40 so that the wafer W is finally positioned, the wafer
holder 40 can be considered to also serve as the slight
moving stage. In addition, since the Lorentz force can be
generated at electrically high response speed by the driving
units 17A-171 and the edge sensors 30A-30E for sensing
the displacement of the wafer W are provided, the wafer W
can be slightly moved at very high speed with higher
precision by means of the smaller/lighter mechanism than
the prior-art mechanism.

Furthermore, in this embodiment, since the driving units
17A-171 can individually control the electrostatic attract ion
force acting on the wafer W and can individually measure
the gap to the wafer W, even if the wafer W is locally
deformed, the electrostatic attraction force is controlled in
the driving unit on the bottom of the deformed portion,
whereby the local deformation can be also easily corrected.
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More specifically, this is effective for the exposure on the
large-sized wafer which is prone to the local deformation.

Another embodiment of the present invention will be
described below with reference to FIG. 16. Although the
wafer is levitated by blowing off the compressed air on the
rear surface of the wafer in the above-described
embodiments, the wafer is levitated by upwardly attracting
the wafer in this embodiment. The portions corresponding to
the portions shown in FIG. 1 have the same reference
numerals in FIG. 16 and the detailed description of the
corresponding portions is omitted.

FIG. 16 shows the projecting/exposing apparatus of this
embodiment. In FIG. 16, a wafer holder 40A is fixed on the
Z stage 5, and the wafer W is held so that it may be levitated
at a predetermined distance over the wafer holder 40A.
Although the wafer holder 40A of this embodiment has the
substantially same structure as the wafer holder 40 of FIG.
12, the wafer holder 40A differs from the wafer holder 40 in
that the wafer holder 40A does not have the mechanism for
blowing off the compressed air. That is, the driving units
17A-171 are incorporated in the wafer holder 40A in the
same manner as shown in FIG. 14 (it should be noted that
the air feeding holes 13A—131 are not disposed in the wafer
holder 40A). A mounting frame 57, which has the bottom
surface for covering almost all the region where the wafer W
is moved, is fixed on the lower side surface of the projection
optical system 3 of FIG. 16. Many pairs of same attracting
electrodes 59A, 59B, 59C, 59D, . . . are fixed on the bottom
surface of the mounting frame 57 at a predetermined pitch
in the X-direction and Y-direction. For example, a pair of
attracting electrodes 59A comprises two electrodes S8A and
58B which are composed of the Y-directional narrow long
conductive material and are arranged so that a predeter-
mined space may be provided in the X-direction.

Apredetermined direct-current voltage is applied between
the electrodes 58A and 58B from the power source in the
main control system 9. Thereby, since the electrostatic
attraction force is generated between a pair of attracting
electrodes 59A and the wafer W and the electrostatic attrac-
tion force is also generated between the other pairs of
attracting electrodes 59B, 59C, . . . and the wafer W in the
same manner, the water W is attracted upward (in the
direction of +Z) and levitated. The other constitution is the
same as the constitution of the projecting/exposing appara-
tus shown in FIG. 12.

In this embodiment, the wafer W is upwardly attracted
toward the mounting frame 57 by the electrostatic attraction
force. Thus, by controlling the electrostatic attraction force
which is generated in the direction of —Z by the driving units
17A-171 in the wafer holder 40A, the Z-directional position,
the curvature or the like of the wafer W can be corrected in
the same manner as the embodiment of FIG. 12.
Furthermore, even if the wafer holder 40A (the wafer W) is
considerably moved in the X-direction and Y-direction by
the XY stage 6, the wafer W is upward attracted by any one
of the pairs of attracting electrodes 59A, 593, . . . on the
bottom of the mounting frame 57. In this embodiment, since
it is not necessary to provide the mechanism for blowing off
the compressed air on the side of the wafer holder 40A, the
mechanism of the wafer holder 40A is simplified.
Furthermore, since a piping for the compressed air is not
needed, the wafer holder 40A (the wafer W) can be more
smoothly positioned.

Although the horizontal displacement of the wafer W to
the wafer holders 4, 4A is measured by the use of the
electrostatic capacity type edge sensors 30A-30E in the
above-mentioned embodiments, the edge sensor is not lim-
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ited to the electrostatic capacity type one. For example, an
optical edge sensor or the like for measuring the displace-
ment of the wafer W in accordance with the change in an
amount of light of a detecting light passing through or being
reflected by the edge of the wafer W may be used.

Furthermore, in the above-mentioned embodiments,
although the constitution is simplified because the electrodes
18A, 18B for generating the driving force are also used as
the gap sensor for measuring the gap to the rear surface of
the wafer W, another independent gap sensor may be pro-
vided. Furthermore, in this embodiment, since there is
provided the oblique-incidence focal point position detect-
ing system (not shown) for detecting the position of the front
surface of the wafer W in the Z-direction, this focal point
position detecting system is adapted so that it can measure
on many points, whereby the gap between the rear surface
of the wafer W and the wafer holders 4, 4A may be
controlled in accordance with this measurement result.

Furthermore, although the above-mentioned embodi-
ments are the application of the present invention to a
stepper type projecting/exposing apparatus, the present
invention may be applied to a step-and-scan type projecting/
exposing apparatus for transferring the reticle on the wafer
by scanning the reticle and the wafer in synchronization with
the projection optical system. The present invention may be
also applied to the proximity type exposing apparatus.
Furthermore, the positioning device and the substrate hold-
ing apparatus of the present invention are applicable to not
only the exposing apparatus but also other apparatuses such
as the machine tool. In such a manner, the present invention
is not limited to the above-described embodiments, and
various constitutions can be made without departing from
the subject matter of the present invention.

According to an article positioning apparatus of the
present invention, an article is levitated over a base, and a
driving force of Lorentz force is generated to the levitated
article, whereby the article is positioned without contact
therewith. Therefore, the article can be positioned at high
speed with high precision. More advantageously, even if a
contaminant or the like adheres on a rear surface of the
article, since a substrate does not come into contact with the
base, even the article which is specifically prone to defor-
mation is not deformed.

When a levitating unit comprises gas feeding units for
emitting compressed gas from an opening formed on the
base, a levitating force can be substantially constantly
applied onto a bottom surface of the substrate at all times.
When the levitating unit comprises a pair of attracting
electrodes arranged over the substrate and a predetermined
voltage is applied between the pair of attracting electrodes
so that the substrate is attracted/levitated by an electrostatic
attraction force, a constitution can be simplified on the side
of the base.

When a current generating section has a plurality of
electrodes arranged on a front surface of the base and a
predetermined driving voltage is applied between a pair of
adjacent electrodes so that a current is flowed between
regions on the substrate opposite to the pair of electrodes,
the current can be contactlessly generated. Furthermore,
when a magnetic field generating section is composed of a
magnetic field generating material disposed between the pair
of adjacent electrodes, a magnetic field can be easily gen-
erated perpendicularly to the current.

Moreover, when a distance to the rear surface of the
substrate is measured in accordance with a change in an
electrostatic capacity caused due to the change in the dis-
tance from the front surface of the electrode for generating
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the current to the substrate, it is not necessary to arrange
another gap sensor or the like, and thus the constitution can
be simplified.

Furthermore, when a displacement measuring unit has a
plurality of edge sensors and a plurality of gap sensors, for
example, the displacement of six degrees of freedom includ-
ing a translational direction and a direction of rotation of the
substrate can be detected. In accordance with this result, the
substrate can be positioned with six degrees of freedom.

When there is further provided an attraction force gener-
ating unit for attracting the substrate toward the base, a
height of the substrate can be positioned with high precision.

In this case, when the attraction force generating unit
applies a predetermined voltage between a pair of adjacent
electrodes for generating the current so as to thereby gen-
erate the electrostatic attraction force for attracting the
substrate toward the base, the electrodes can be also used as
the current generating section and the attraction force gen-
erating unit. Thus, the height of the substrate can be posi-
tioned by a very simple constitution.

Furthermore, when the voltage applied between a pair of
electrodes for generating the current is adjusted for each set
so as to thereby correct the deformation of the substrate, a
flatness of the substrate can be improved by the very simple
constitution.

Furthermore, according to an exposing apparatus of the
present invention, since a mask pattern image can be
exposed onto a semiconductor wafer levitated/held by the
use of the substrate holding apparatus of the present
invention, the semiconductor wafer can be rapidly
positioned/held with high precision. Moreover, since the
contaminant on the rear surface of the semiconductor wafer
does not cause the deformation of the semiconductor wafer,
the yield of the semiconductor integrated circuit or the like
to be manufactured can be improved. Furthermore, since the
semiconductor wafer levitated over the base can be directly
driven and positioned without contact therewith, a mecha-
nism such as a slight moving stage for finely adjusting the
position of the semiconductor wafer is not needed. Therefore
a rough moving stage can be moved at high speed and a heat
generated by the rough moving stage can be also suppressed.

Furthermore, according to a positioning device of the
present invention, the substrate levitated/held over the base
can be positioned at high speed with high precision without
contact therewith by the very simple constitution.

From the invention thus described, it will be obvious that
the invention may be varied in many ways. Such variations
are not to be regarded as a departure from the spirit and
scope of the invention, and all such modifications as would
be obvious to one skilled in the art are intended for inclusion
within the scope of the following claims.

What is claimed is:

1. A substrate positioning apparatus for positioning an
substrate composed of an electric conductive material over
a predetermined base, said apparatus comprising:

levitating units that levitate said substrate over said base;

driving force generating units including current generat-
ing sections that induce a current in said substrate and
magnetic field generating sections that generate a mag-
netic field in a direction perpendicular to said current
induced by said current generating sections, wherein
said driving force generating units generate a driving
force, composed of Lorentz forces, that drives said
substrate in a direction perpendicular to said current
and said magnetic field; and

displacement detecting units that detect a displacement of

said substrate,
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wherein said substrate is positioned through said driving
force generating units in accordance with a result
detected by said displacement detecting units.

2. The substrate positioning apparatus according to claim
1, wherein said levitating unit comprises gas feeding units to
emit compressed gas from an opening formed on said base.

3. The substrate positioning apparatus according to claim
1, wherein said levitating unit comprises a pair of attracting
electrodes arranged over a substrate, and a predetermined
voltage is applied between said pair of attracting electrodes,
whereby said substrate is attracted and levitated by an
electrostatic attraction force.

4. The substrate positioning apparatus according to claim
1, wherein said current generating section has a plurality of
electrodes arranged on a front surface of said base, and a
predetermined driving voltage is applied between a pair of
adjacent electrodes, whereby the current is flowed between
regions on an substrate opposite to said pair of electrodes.

5. The substrate positioning apparatus according to claim
4, wherein said magnetic field generating section is com-
posed of magnetic field generating materials disposed
between said pair of adjacent electrodes.

6. The substrate positioning apparatus according to claim
4 further comprising:

an electrostatic capacity detecting unit to detect a change

in an electrostatic capacity caused due to the change in
a distance from the front surface of said electrodes of
said current generating section to a rear surface of said
substrate,

wherein the distance to the rear surface of said substrate

is measured in accordance with the result detected by
said electrostatic capacity detecting unit.

7. The substrate positioning apparatus according to claim
1, wherein said displacement detecting unit has a plurality of
edge sensors arranged so as to correspond to an outer edge
of said substrate levitated by said levitating units and a
plurality of gap sensors for sensing a gap to the front or rear
surface of said substrate.

8. The substrate positioning apparatus according to claim
1 further comprising:

attraction force generating units to attract said substrate

toward said base.
9. The substrate positioning apparatus according to claim
8, wherein said attraction force generating units apply a
predetermined voltage between said pair of adjacent elec-
trodes of said current generating section and for generating
the electrostatic attraction force for attracting said substrate
toward said base.
10. The substrate positioning apparatus according to
claim 9, wherein the voltage applied between said pair of
adjacent electrodes of said current generating section is
adjusted for each set, whereby a deformation of said sub-
strate is corrected.
11. An exposing apparatus comprising an substrate posi-
tioning apparatus according to claim 1, said exposing appa-
ratus for levitating/holding a semiconductor wafer coated
with a photosensitive material over said substrate position-
ing apparatus and for exposing a mask pattern image onto
said held semiconductor wafer.
12. A positioning device for positioning an article com-
posed of an electric conductive material levitated/held over
a predetermined base without contact with said article, said
device comprising:
current generating sections to generate a current in said
article without contact with said article; and

magnetic field generating sections to generate a magnetic
field in a direction perpendicular to said current gen-
erated by said current generating sections,
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wherein a driving force composed of Lorentz force is
generated in the direction perpendicular to said current
and said magnetic field, whereby said article is posi-
tioned.
13. The substrate positioning apparatus for positioning a
plate-shaped article made of an electric conductive material
over a predetermined base, said apparatus comprising:

a plate-shaped holding body having a through hole for
containing a plate-shaped substrate at the center
thereof;

levitating units to levitate said plate-shaped substrate and
said plate-shaped holding body over said base;
a driving unit including:

current generating sections to induce a current in said
plate-shaped substrate and said plate-shaped holding
body, and

magnetic field generating sections to generate a mag-
netic field in a direction perpendicular to said current
induced by said current generating sections,

said driving unit to generate a driving force composed
of Lorentz force to said plate-shaped substrate and
said plate-shaped holding body in the direction per-
pendicular to said current and said magnetic field and
for moving said plate-shaped substrate and said
plate-shaped holding body along a front surface of
said base by said generated driving force;

first displacement measuring units to measure a dis-
placement of said plate-shaped holding body; and

second displacement measuring units to measure the
displacement of said plate-shaped substrate to said
plate-shaped holding body,

wherein said plate-shaped holding body and said plate-
shaped substrate are moved through said driving unit in
accordance with a result measured by said first and
second displacement measuring units, whereby said
plate-shaped substrate is positioned without contact
therewith.

14. The substrate positioning apparatus according to
claim 13, wherein said levitating unit comprises gas feeding
units for emitting compressed gas from an opening formed
on the front surface of said base.

15. The substrate positioning apparatus according to
claim 13, wherein said levitating unit comprises a pair of
attracting electrodes arranged over said plate-shaped sub-
strate and said plate-shaped holding body, and a predeter-
mined voltage is applied between said pair of attracting
electrodes, whereby said plate-shaped substrate and said
plate-shaped holding body are levitated by an electrostatic
attraction force.

16. The substrate positioning apparatus according to
claim 13, wherein said current generating section has a
plurality of electrodes arranged on the front surface of said
base, and a predetermined driving voltage is applied
between a pair of adjacent electrodes, whereby the current is
flowed between regions on said plate-shaped substrate and
said plate-shaped holding body opposite to said pair of
electrodes.

17. The substrate positioning apparatus according to
claim 13, wherein said magnetic field generating section is
composed of a magnetic field generating material disposed
in said base.

18. The substrate positioning apparatus according to
claim 13 further comprising:

an electrostatic capacity detecting unit to detect a change

in an electrostatic capacity caused due to the change in
a distance from the front surface of said electrodes of
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said current generating section to the rear surface of
said plate-shaped holding body and said plate-shaped
substrate,

wherein the distance to the rear surface of said plate-

shaped holding body and said plate-shaped substrate is
measured in accordance with the result detected by said
electrostatic capacity detecting unit.

19. The substrate positioning apparatus according to
claim 13, wherein said first displacement measuring units
are arranged so that they may face to a side surface of said
plate-shaped holding body levitated by said levitating units,
and said first displacement measuring units are the measur-
ing units for measuring the displacement in at least three
positions on the side surface of said plate-shaped holding
body, and

said second displacement measuring units are arranged so

that they may face to an outer peripheral surface of said
plate-shaped substrate, and said second displacement
measuring units are the measuring units for measuring
the displacement in at least three positions on the outer
peripheral surface of said plate-shaped substrate,

said apparatus further comprising:

height measuring units arranged so as to face to the
front surface or the rear surface of said plate-shaped
holding body and said plate-shaped substrate and for
measuring the distance to the front surface or the rear
surface of said plate-shaped holding body and said
plate-shaped substrate.

20. The substrate positioning apparatus according to
claim 19, wherein said first displacement measuring unit
comprises laser interferometers for emitting measuring light
beams onto at least three positions on the side surface of said
plate-shaped holding body levitated by said levitating units,
and the displacement of said plate-shaped holding body is
measured in accordance with values detected by said laser
interferometers.

21. The substrate positioning apparatus according to
claim 19, wherein said second displacement measuring unit
comprises a plurality of gap sensors for sensing a gap
between an inner wall of said through hole of said plate-
shaped holding body and the outer peripheral surface of said
plate-shaped substrate, and the displacement of said plate-
shaped substrate to said plate-shaped holding body is mea-
sured in accordance with the values detected by said plu-
rality of gap sensors.

22. The substrate positioning apparatus according to
claim 13 further comprising:

attraction force generating units to attract said plate-

shaped holding body and said plate-shaped substrate
toward said base.

23. The substrate positioning apparatus according to
claim 22, wherein said attraction force generating units
apply a predetermined voltage between said pair of adjacent
electrodes of said current generating section and to generate
the electrostatic attraction force to attract said plate-shaped
holding body and said plate-shaped substrate toward said
base.

24. The substrate positioning apparatus according to
claim 22, wherein the voltage applied between said pair of
adjacent electrodes of said current generating section is
adjusted for each set, whereby the deformation of said
plate-shaped substrate is corrected.

25. An exposing apparatus comprising an substrate posi-
tioning apparatus according to claim 13 and for exposing a
mask pattern image onto a semiconductor wafer positioned
by said substrate positioning apparatus.

26. An substrate positioning apparatus for positioning a
plate-shaped substrate composed of an electric conductive
material over a predetermined base, said apparatus compris-
ing:
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levitating units to levitate said plate-shaped substrate over
said base;
a driving unit including:
current generating sections to induce a current in said
plate-shaped substrate, and

magnetic field generating sections to generate a mag-
netic field in a direction perpendicular to said current
induced by said current generating sections,

said driving unit generating a driving force composed
of Lorentz force to said plate-shaped substrate in the
direction perpendicular to said current and said mag-
netic field and for moving said plate-shaped substrate
along the front surface of said base by said generated
driving force; and

measuring units to measure a relative position of said
plate-shaped substrate to said base,

wherein said plate-shaped substrate is positioned through
said driving unit in accordance with the position of said
plate-shaped substrate measured by said measuring
units without contact therewith.

27. The substrate positioning apparatus according to
claim 26, wherein said measuring unit has a plurality of
electrodes arranged on the front surface of said base, and the
position of said plate-shaped substrate is measured in accor-
dance with the change in the electro static capacity caused
between the rear surface of said plate-shaped substrate and
said plurality of electrodes.

28. A method for making an exposure apparatus that
forms an image on an article, comprising the steps of:

providing an irradiation apparatus that irradiates said
article with radiation to form said image on the article;

providing levitating units which levitate said article in a
path of said irradiation;

providing magnetic field generating sections which gen-
erate a magnetic field that generates a driving force that
moves said article relative to said irradiation apparatus.

29. A method according to claim 28, further comprising:

providing current generating sections which induce a
current in said article levitated by said levitating units.

30. A method according to claim 29, wherein said current
generating sections induce a current in the article without
contact therewith.

31. A method according to claim 29, wherein said mag-
netic field generating sections generate said magnetic field in
a direction perpendicular to said current generated in said
article.

32. A method according to claim 29, wherein said driving
force is composed of Lorentz forces.

33. A method according to claim 29, further comprising:

connecting a controller with at least one of said levitating
units and said magnetic field generating sections; and

connecting a sensor that detects a position of said article;
and

controlling, by the controller, the position of said article
relative to said radiation in accordance with a detection
result of said sensor.

34. An apparatus for positioning a plate-shaped article

with respect to a base having a guide surface, comprising:

a levitation device which levitate the plate-shaped article
over said base;

a driving device which gives a driving force to the
plate-shaped article in a direction substantially parallel
with said guide surface, said driving device having a
magnetic field generating unit and said driving force
being generated by utilizing the magnetic field gener-
ated by said magnetic field generating unit;
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a detecting unit which detects information relating to a
position of the plate-shaped article which is levitated
over said base; and

a control unit connected to said driving device and said
detecting units, said control unit controlling said driv-
ing device based on the detection result of said detect-
ing units.

35. The apparatus according to claim 34, wherein said

magnetic field generating unit is located on said base.

36. The apparatus according to claim 34, wherein said
driving device comprises a current generating unit which
causes current to generate in the plate-shaped article.

37. The apparatus according to claim 36, wherein said
driving force is composed of Lorentz forces generated by
said magnetic field and said current.

38. The apparatus according to claim 36, wherein said
current generating unit has a plurality of electrodes arranged
on a surface of said base to generate current flowing in the
plate-shaped article opposed to said electrodes.

39. The apparatus according to claim 36, wherein said
levitation device has at least one pair of attracting electrodes
arranged opposed to the plate-shaped article to levitate the
plate-shaped article by electrostatic attracting force gener-
ated when voltage is applied between said pair of electrodes.

40. The apparatus according to claim 36, wherein said
detecting unit has a plurality of electrodes arranged on a
surface of said base to determine a position of the plate-
shaped article in a direction substantially perpendicular to
said guide surface based on a change in an electrostatic
capacitor caused due to the change in a distance from the
rear surface of the plate-shaped article to the front surface of
said electrodes.

41. The apparatus according to claim 36, wherein said
detecting unit detects information relating to a position of
the plate-shaped article in a direction substantially perpen-
dicular to said guide surface and in a direction substantially
parallel with said guide surface respectively.

42. An exposure apparatus for forming a predetermined
pattern on a plate-shaped article, comprising:

the apparatus according to claim 36; and

an irradiation apparatus which irradiates the plate-shaped
article with radiation to form an image on the plate-
shaped article,

wherein said levitation device levitates the plate-shaped
article in an optical path of the irradiation, and said
control unit controls a relative positional relationship
between the plate-shaped article and the radiation
through said driving device based on the detection
result of said detection unit.

43. The apparatus according to claim 36, wherein said
detection unit comprises an interferometer which positional
relationship between the plate-shaped article and the radia-
tion with respect to a direction substantially parallel with
said guide surface.

44. An apparatus for positioning a plate-shaped article
with respect to a base having a guide surface, comprising:

a plate-shaped holding body having a holding section
which holds the plate-shaped article;

a levitation device which levitates the plate-shaped article
and the plate-shaped holding body over said base;

a driving unit which gives a driving force to the plate-
shaped article and said plate-shaped holding body in a
direction substantially parallel with said guide surface,
and has a magnetic field generating unit, said driving
force being generated by using magnetic field gener-
ated by said magnetic generating unit;
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a first detection unit which detects first information relat-
ing to a position of said plate-shaped holding body
which is levitated over said base;

a second detection unit which detects second information
relating to a position of the plate-shaped article with
respect to said plate-shaped holding body;

a control unit connected to said driving unit, said first
detection unit and said second detection unit, which
control said driving unit based on the detection results
of said first and second detection units.

45. The apparatus according to claim 44, wherein said

magnetic field generating unit is located on said base.

46. The apparatus according to claim 44, wherein said
driving device comprises a current generating unit which
causes current to generate in the plate-shaped article and
said plate-shaped holding body.

47. The apparatus according to claim 44, wherein said
driving force is composed of Lorentz forces generated by
said magnetic field and said current.

48. The apparatus according to claim 44, wherein said
current generating unit has a plurality of electrodes arranged
on a surface of said base to generate current flowing in the
plate-shaped article and said plate-shaped holding body
opposed to said electrodes.

49. The apparatus according to claim 44, wherein said
levitation device has at least one pair of attracting electrodes
arranged opposed to the plate-shaped article to levitate the
plate-shaped article and said plate-shaped holding body by
electrostatic attracting force generated when voltage is
applied between said pair of electrodes.

50. The apparatus according to claim 44, wherein said
detecting unit has a plurality of electrodes arranged on a
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surface of said base to determine a position of the plate-
shaped article in a direction substantially perpendicular to
said guide surface based on a change in an electrostatic
capacitor caused due to the change in a distance from the
rear surface of the plate-shaped article to the front surface of
said electrodes.

51. The apparatus according to claim 44, wherein said first
detection unit comprises an interferometer which irradiates
a measuring beam against said plate-shaped holding body.

52. The apparatus according to claim 44, wherein said
second detection unit comprises a gap sensor which mea-
sures a distance between said holding section provided in
said plate-shaped holding body and the plate-shaped article.

53. The apparatus according to claim 44, wherein said
holding section is a through hole provided in said plate-
shaped holding body and the plate-shaped article is held in
said through hole with non-contact state.

54. An exposure apparatus for forming a predetermined
pattern on a plate-shaped article, comprising:

the apparatus according to claim 44; and

an irradiation apparatus which irradiates the plate-shaped

article with radiation to form an image on the plate-
shaped article,

wherein said levitation device levitates the plate-shaped

article in an optical path of the irradiation, and said
control unit controls a relative positional relationship
between the plate-shaped article and the radiation
through said driving device based on detection results
of said first and second detection units.



